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PaCCManI/IBaeTCH CO3JaHuEC Ha Gase q)HSI/IKO-XI/H\/II/I‘IeCKI/IX IIPOIIECCOB, UIMEIOMUX HEIIOCPE JICTBEHHOC OTHOMIEHUE K HAHO-
TEXHOJIOTHUH, I'OJIOTPaMMHO OITHYICCKUX 3JIEMEHTOB Ha FaJ'IOFeHI/IZ[(Jepe6p5{HBIX PETUCTPUPYIOITUX CPe iax. ‘YKazBIBarOTCS CBOM-
CTBa U BO3MOKXHOCTD PETYJIHUPOBaHMS IIOJIOKEHUA HAHOKJIIaCTCPOB cepe6pa C ITIOMOMIBIO U3MCHCHUS q)aSOBOFO COCTOSHMSL Op-
raHu4IecKo OCHOBBI, B KOTOPOM JUCHEPIUPOBaHbl HAHOYaCTHUIIbI cepera. B pe3yiabTaTe 3TOro rojiorpaMMHO OIITHUECKUH

DJICMEHT HpH06peTaeT HOBLIC q)yHKL[I/IOHaHBHBIe BO3MOXKHOCTH.

[MostBuBIHAsiCst B TTOCTCAHCH YeTBEpTU XX B. OT-
pacib HayKH, HA3BAHHAsI HAHOTCXHOJIOTCH, Pa3BUBACT-
Cs1 HACTOJIBKO CTPEMMTEIIBHO, YTO SIBA JIM HE KaXKIbIH
MECSIL{ MOSBILIEOTCST COOOIICHUS O HOBBIX MPOCKTAX,
Ka3aBIIKXCS CLIC TOA-APYTOM Ha3ax (paHTaCTHIHBIMU.
ITO ICUCTBUTEIBHO «OXKMIACMAsT TCXHOIOTHS TIPOU3-
BOJCTBA, OPUCHTUPOBAHHAS Ha JCIICBOC IOy ICHHUC YC-
TPOMWCTB U BCIICCTB C 3apaHCC 3aAaHHOM aTOMapHOU
CTpyKTYpoiy. OHA OTICPUPYET C OTACIBHBIMU ATOMAMHU
VLT TOrO, YTOOBI TIOIYYMTH CTPYKTYPHI C aTOMAapHOM
TOYHOCTBIO. B 5TOM KOPEHHOE OTIIMMUE HAHOTEXHOJIO-
THM OT COBPEMCHHBIX «00BbeMHBIX» bulk-TexHomorui,
KOTOPBIC MAHHUITYIUPYIOT MAKPOOOBECKTAMH.

HarooObexTsl (HanmpuMep, HAHOYACTHULBI MCTAI-
JIOB), KaK MPABUIIO, UMCIOT (PHUIUUCCKUC U XUMHUICCKUC
CBOMCTBA, OTJIMYHBIC OT CBOMCTB 0OJICC KPYITHBIX O0BCK-
TOB M3 TOTO K¢ MaTepUaia, B 1aCTHOCTH TEMIICpaTypa
TUIABIICHYS WJTH OTTTHYCCKUC U HJICKTPHUICCKUC CBOKCTBA.

UccrenoBanums, mpoBOAUMEBIC B HAHOPA3MEPHOM
JHAIa3oHe, a TAKKS U3BICKAHUS 3aTPATHBAIOT MHOTHC
00IacTH, B TOM YHCITE OHOTEXHOIOTHIO, (DPHU3UKY TBEP-
JOTO TEIIa, HICKTPOHUKY U .

Haromup rmoka c10:keH 1 e11e CPaBHUTEIIBHO MaJIo
M3YYCH, XOTS OOJIBIMUHCTBO M3 HAC PETVIISPHO TIOIB3Y -
FOTCS TEMH WJIM MHBIMH JOCTH/KCHUSIMH HAHOTCXHOJIO-
THH, JaXe He moxo3pesas o6 arom. Hampumep, cospe-
MCHHAsT MUKPOIJICKTPOHHKA YIKE HE MHKPO, 8 HAHO:
[IPOM3BOAMMBIC CCTOTHS TPAH3UCTOPBI — OCHOBA BCCX
YUIOB — JAeKaT B auanaszone 10 90 um. U yike 3ara-
HUPOBAHA JATIBHCHIIIAS MUHHA TEOPU3ALIES 3 ICKTPOHHBIX
komroneHTOB 10 60, 45 u 30 um. HoBas napagurma B
TCXHOJIOTHH — «CHHU3Y BBEPX), BBITCCHSIOILAS U JOTION-
HAIOIAsA CTAPYIO0 — «CBEPXY BHUZY» (T.€. OT OOMBIION
3arOTOBKY — K TOTOBOMY M3JCIIHIO IYTEM OTCCUCHUS

JTHITHETO MaTepuana), — 0asupyeTcs Ha TTyOOKHX 3Ha-
HIIX YCTPOMCTB KaKIOTO atoMa u3 Tadmuis: MeHaerne-
©Ba U UCTIONB3YCT CUITBI IPUTSDKCHUSA MK Y HUMU ITPU
HAHOMETPOBBIX PAacCTOAHUAX. B pesynbrare aercTeus
STHX CHJI MOTYT 00Pa30BBIBATHCS ATOMHBIC KOH()HTY-
patmu, CTabMIBHOCT KOTOPBIX OIMPSACIISICTCS THUIIOM
Y POYHOCTHIO BHYTPCHHUX CBSI3CH, aOCOMFOTHOM TCM-
MCPATYPOU U XapaKTepOM OKpykeHHU:. UeM MeHBbIIIe ya-
CTHULIA M HIDKE TEMIICPAaTyPa, TEM CHIIbHEE MPOSBIIAIOT-
¢ ee kBaHuTOBBIC KavecTsa [ 1-3]. CeoricTBa HaHOYAC-
THL[ CHJIBHO H3MCHSIFOTCS IO CPABHCHUIO C MaKpovac-
THLIAMH TOTO K€ BEILICCTBA, KAK IMMPABUIIO, YKE IPH pas-
mepax R < 10-100 rm. JIns pasaMuHBIX XapaKTEPUCTHK
(MEXaHHUCCKUX, IJICKTPUUCCKUX, ONTTHICCKUX,, MATHHUT-
HBIX, XUMHUYCCKUX) ITOT KPUTUUYCCKUH Pa3Mep MOKET
OBITH Pa3HBIM, KAK U XaPaKTCP UX U3MCHCHUMN MPH
R < R . Beuay pe3koi 3aBUCHIMOCTH CBOKCTB BEIIECT-
Ba OT YMCIIa OJWHAKOBBIX aTOMOB B KJIacTepe ce
WHOTIa HA3BIBAIOT AAKE TPCTHESH KOOPIUHATOH IIC-
puoaudeckoi cuctemMbl Menneneena [4]. Do, BO3-
MOHO, IPOUCXOIUT U3-3a MPOABJICHUSI KBAHTOBBIX
3akoHoMepHocTer [1-5]. Takue usMcHEHUs ONTU-
YECKHUX CBOMCTB pacCMaTPHBAIOTCA U B Mpeaiarac-
MO padoTe.

Crparerusi HAHOKOHCTP YHP OB AHISI

B HanopaszMepHOM IMaria3oHe MpakTHICCKH JTF000H
MaTepUa MPOSIBILICT YHUKAILHBIC CBOMCTBA. Jl0CTaTOuHO
AKTHBHBI M TUCIICPTUPOBAHHBIC HAHOYACTULIBI Cepedpa,
KOTOPBIC ABJIAKOTCA COBPECMCHHBIM HOCUTCIICEM I/IHCI)Op-
MALMH B TOIOrPa()MICCKON TeXHOMOTHH. YacTrik ce-
pebpa, TUCTICPTUPOBAHHBIC B OPTAHMMECKOM MaTepra-
ne (KeJIaTHHE ), UMCIOT PasMep OT HECKOIBKUX ¢ IMHMI]
[0 IECATKOB HAHOMCTPOB.
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Cpenuuii ske AuaMeTp dMYIILCHOHHBIX 3CPEH pas-
JIMMHBIX COBPEMEHHBIX BHICOKOPa3pearoux horoma-
TCPUAIOB IS TOAOTPa(UU U3MEHACTCS TIPUMEPHO OT
5-10 mo 80-90 M, a ux pasperaromas CrioCOOHOCTh —
ot 1000-1500 mo 5000-10000 mum. /MM (u Oonee) pu
CBETOYYBCTBUTCIIBHOCTH, U3MEPSICMOM OT 3—5 U 10
HECKOIBKUX THICSY dpr/cm? [4-8].

B uccnemoBanwmsix [5, 6] nenaercs BBIBOJ, UTO Kap-
THHA CTOSMUX CBETOBBIX BOJH (A =540 HM) MOKET OBITH
3auxcupoBaHa, CCIIU AUAMETP dMYIIBCHOHHBIX 3CPCH
(orocmos cocrasisier 70 HM, HO HAWIYIIHC PE3YIIb-
TaThl MOAYYAKOTCA TIPA TUAMETPE 3€PEH MEHbIIE
30 am (1. ¢. meHbie 1/10 paccTosTHYS MEXK Y ITyHOC-
Tamu). B gpyroit pabore [8] ykaseBactes Ha TO, 4TO
IUTST PETHUCTPALIMK MHTSP(PSPCHLIMOHHOM KAPTHHBI CBC-
TOBBIX MATYUCHUM Pa3MEp dMYTbCHOHHBIX 3¢PSH (POTO-
MaTepUajIOB TOKCH ObITh MHOTO MeHBIE 1/10 MEM.

OCHOBBIBa?ICB Ha HCKOTOPBIX pacucTax U CUUTAI,
YTO 151 00CCTICUCHIMS BBICOKOTO KAa4eCcTBa roaorpadu-
YECKOTO M300PANKECHUA PACCESIHUE B HMYIBCHOHHBIX
CJI0SIX TOJIKHO OTCYTCTBOBATH, ACIACTCs BBIBOA [7], uTO
JUTST HAUOOJIEE SJKECTKUX YCIIOBUM TOIOTPa(hUPOBAHUS BO
BCTPCYHBIX ITYYKaX OHU JOJIKHBI GBITB TIPAKTUICCKHU
MPO3PavYHbIMU. VHBIMU CTOBaMU, pasMep dMYIbCHOH-
HBIX 3€PCH B HUX OOJKCH U3MEPATHCA HCCKOJIBKWUMH
HAHOMETPAMHM HJIW HAXOIUTHCA B6J'II/13PI TPpaHULIbI
YA CTUL HCTHHHBIX (TIPO3PAYHBIX) U KOJUTOMAHBIX (OI1a-
JECIMPYIONIMX ) pacTBOpoB. MMes B By, uTO KO3 hH-
LIMCHT MPETIOMIICHHS OPOMMCTOTO cepedpa CoCTaBIIsIeT
2,25, a )KeaaTHHOBOTO CITosi — 1,5, MOYKHO CUUTATD, YTO
HanbOJICE ONTHUMATBHBIM TSI TIOTYUCHUS «IIPO3pad-
HBIX» (POTOMATCPUAIIOB SBJISICTCS IPUMCHCHHUC B HUX
BCILECTB ¢ KO ULPICHTOM MPETIOMICHYS, Oortee Or1u3-
KM K K03 puimenTy Gpomuctoro cepedpa.

Jlnst Hanbornee skeCTKUX yCAOBU roorpaduposa-
HIT BO BCTPESUHBIX ITYYIKAX HCOOX0uUMast pa3penar-
mas crocobHoCTs poTomMaTepuana R, =~ nomkna
OBITh HECKOIBKO OobIIc TPeOyeMOli Iiepe1adu MaKCH-
MaJIbHOW MPOCTPAHCTBEHHOM YaCTOTHI, T. €.

RBCTp > 2n/k,
rae A — AJHMHA PETUCTPUPYEMOU BOJIHBI CBETA B IIYCTO-
Te; 1 —Ko3 ppurpeHT npeaomteHust PoTocios. MokHO
CUMTAaTh, YTO UTA YCTKOH Iepeaadu TpeOyeMbIX Ipo-
CTPAHCTBCHHBIX YacTOT Pa3peIIaromiasi CrioCOOHOCTh
(oTomMaTepuana J0KHA MPEBBILAT UX HE MCHEE YeM
Ha 20%. OTcro1a ObITH BBIYHUCIICHBI JaHHBIC O TpeOye-
MOU paspermarue crocobHocTu horomarepuana | 7],
TPUBCICHHBIC B TAOTHIIC, M3 KOTOPOM BHIHO, YTO TPEOO-
BaHUS K Pa3peIlaroICH criocoOHOCTH (hoTOMaTepraia
IpPU PETUCTPALIMU BO BCTPSUHBIX MYyYKAX CTPYKTYPHI

3aBHCHMOCTH paspema}omeix’l CIIOCOOHOCTH H JJIHH BOJIH
H3/IyYeHHd [IpU perucrpanui BO BCTPEYHBIX IIYUKaxX

A, v, R
BCTP

UM uH. /MM JIAH./MM JTHI. /MM

(4-20%) (oKpyTIIeHo)
694 4400 5280 5000
633 4800 5760 6000
510 5950 7150 7000
488 6200 7440 7500
400 7600 9120 10000

CTOSIMUX BOJIH PA3HBIX BUAMMBIX H3AyuIcHUH (A ~ 400—
700 1m) pesko mmMersoTes (B 2 pasza). Orcrona cnemy-
€T, YTO paspeliarmas CrnocoOHOCTh «IPO3PATHBIXY
(oromarepuanos_[13-1-633 [201, Ha kOTOPBIX ObLTH
TIOJTY1CHBI HBCTHBIC UMITYJIBCHBIC T'OJIOTPAMMEBI B TPEX-
MepHo# cpere [9], cocraemser ve menee 10 000 mur. /v
(MMEETCST OCHOBAHUC CHUTATD €€ CIUC OOJIBILCEH).

[NockoabKY CBETOYYBCTBUTENLHOCTE (hoTOMATEpHA-
JIOB 3aKOHOMEPHO YMEHBINACTCA C TIOBBIMICHUEM HX
AUCTICPCHUOHHBIX XAPAKTCPUCTHUK, MCKAY HUMHU JOJIKCH
OBITH YCTAHOBJICH HOKOTOPBIA KOMITPOMHICC, HCX O/ISIIITHE
U3 JOCTUTHYTBIX XAPAKTCPUCTUK AT PASTTUIHBIX TUITIOB
CYIMECTBYIOMMX (POTOMATEPUATIOB A TomoTpad v.
[pu 3TOM MPAKTUMECKYEO 3HAYMMOCTE UMEET HE 001I1as,
a CIICKTPabHAS CBETOMY BCTBUTEIBHOCTD, COOTBETCTBY -
FOLIast M3TYYCHUSM WCTIONB3YEMBIX J1a3¢POB U BhIpa-
JKaeMast B SHEPreTHIeCKuX exuuunax (apr/cm?). B [10]
VKa3BIBACTCS, YTO YCIOBUS CIICKTPATLHOM CEHCHOWTH-
3aLUH OHUX BHICOKOPA3PEIIAINUX (JOTOMATEPUATIOB
HC MOT'YT IICPCHOCUTHCA HA APYTHUC.

AHanu3 SKCIICPUMEHTATBHBIX (DAKTOB 1aCT OCHOBA-
HHE CUMTAaTh, YTO BBICOKOE 3HAYCHHUE AU PAKIIMOHHON
s dexTHBHOCTH 3aIrMCH HAOII0JACTCA B TCX CITyYasiXx,
KOTIa MPOSIBICHHBIC YaCTULBI Cepedpa UMEIOT chepu-
4qeckyro (hpopmy (puc. 1), Bo-TiepBrIX, a MX pa3MepsI 3Ha-
YUTCIIBHO MCHBIIC JJIWHEI BOJIHBI NMAJAKOIICTO CBCTA,
BO-BTOPBIX, AJIA IMOJTYYCHWA TAKHUX 1aCTHULL HCOGXOI[I/I'
MO, YTOOBI TIPOUCX O TIPOLIECC (PUBUICCKOTO TIPOSIB-
JICHUSI, PETYIIUPYEMBIM COOTHOIICHHUEM PACTBOPHUMOC-
TH MUKPOKPUCTAUIOB TaJIOTCHUI0B Cepedpa B JaHHOM
MPOABUTENE U CKOPOCTH UX BOCCTAHOBICHMS.

Taxum obpasom, aHanus padboT B 3TOi 00macTu, B
TOM IHCIIC [ 5], MO3BOAET 3aKITFOYNUTE, ITO TU(PAKIH-
oHHas 3((PEKTHBHOCTL TOIOTPAMM 1|, Pa3peIraroinas
criocobHoCTh (poToMartepuana R oOyCIOBICHA HaTH-
THUEM B CJIOC BBICOKOAUCTICPCHBIX TaCTHL ITPOABIICHHO-
ro cepeOpa, BBI3BIBAOLIUX HE TONBKO aMILTHTYIHYIO,
HO ¥ (Da30BYI0, 4 TAKGKE CIICKTPAITLHYEO MO/IYIISLIMEO BOJT-
HOBOTO (hpOHTA, T. €. HAHOUACTHLL cepedpa.
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TEXHOJIOI'HA

Puc. 1. Paznuunbie ¢opmbl
U pazMephl YacTHI cepebpa
B PETUCTPHUPYIOIIUX CPEeAax

[pu ymeHbnieHMM pasMepoB yacTHI( cepebpa B
KCXOTHON BBICOKOPA3PCILAOIICH dMyIbeuu audpax-
uroHHAS 3(D(PCKTUBHOCTh JOCTUTACT MAKCUMAIBHOTO
sHaucHwi nipu C, . ~ 7 1/

Jnst o6brunoro yepro-6eioro oromszodpaskeHus
cepedpo UMECT HUTEBUIHYIO CTPYKTYPY.

Baxxuo mouumaTh (pU3KUKY 3aIUCH CUTHAIOB IIPU
KCITOIB30BAHUU IMYIJIBCUIA C TATIOUAHBIM CEPeOPOM.
Taxue sMyTbCUH MIPSACTABISIEOT COOOM JKCITATHHOBYIO
OCHOBY C B3BCIICHHBIMHU KPUCTAJIMKAMHU TaJIOUIHOTO
cepebpa. UToObl, HarpuMep, TTOIYYHUTh TIOTUXPOMHOE
n3o0paskeHue, HeoOX0MMO ChOPMHUPOBATh Cheprdec-
KHC YaCTHULBI cepeOpa, IPY HTOM CBET U300PaKCHU 3a-
BHCHT OT Pa3MEpOB U (DOPMBI HACTHULL, PACCCIHHUC SC HA
yactuuax pasmepoMm 250-300 HM gaeT 3e7ICHBIN OTTC-
HoK, 150-180 umM — poszossiii, 100 200 HM — sKenThIN,
50-70 M — romy6boii. Kak usBecTHO, B OCHOBE 3TOTO
(POTOXHUMHHUECKOTO MPOLIECCA JICKAT IBA SIBICHISL

1. Pacniag momexy rarounHoro cepedpa Ha aTOMBI
cepebpa M aTOMBI TaJIOTCHA IO ACHCTBUCM I1aJAFOIHX
(hoToHOB.

2. Katamutudeckuit pocT BO BpeMs XUMHUYCCKOTO
TIPOSIBIICHUSI IMYJIBCHH MCTAJUTHUCCKUX 3EPCH cepedpa,
JUIS KOTOPBIX 3apOJbIIIaMK CIYKaT aTtoMbl cepedpa,
obpasosasmvecs npu (PoTopacraze MOIEKYIT TaTOHI-
HOTO cepebpa.

HMG?{ IpCaACTABJIICHHBIC JAHHBIC, MBI UCCIICAOBAIA
IpU KOHCTPYUPOBAHUU KOHKPETHOIO ONTHYECKOTO

npubopa CBOKCTBA, MPUOOPETACMBIC HAHOYACTHIIAMU
TaJIOTCHUIOB cepedpa pasHOTo MOPsAKa.

Pemanace 3amaua yrpaBiacHuUs HAHOKIACTSPaMH
TaK, 4TOOBI HOJYYHUTHh KOHKPSTHYIO KOH(DUTYPALIKIO
MIPOCKTUPYEMOr0 00BEKTA, T. €. OCYILCCTBICHUS MEXa-
HOCHHTE3a, COCTABJICHHUC MOJICKYJI U3 aTOMOB C [TOMO-
IIBE0 MEXaHMYIECKOTO MPUOTMKCHMS 0 TEX MOP, TIOKa
HE BCTYIDIT B JICHCTBHC COOTBETCTBYIOMIUEC XUMUUCC-
kue cBs3u. [ obecrieueHus MexaHOCHHTE3a HEOOXO0-
JTUM HAHOMAHHITYIIATOP, CIIOCOOHBIHM 3aXBaThIBATH OT-
JETABHBIC aTOMBI M MOJICKYJIBI M MAHHITY THPOBATH UMH B
pamuyce a0 100 um. HanHoMaHUTTYTSITOP JOIKCH YITPaB-
TATHCS THO0 MAKPOKOMITBEOTEPOM, JTHOO HAHOKOMITBIO -
Tepom. Ha ceroass mogo0HbIC MAHUITYIATOPEL HE CYLIIC-
CTBYIOT. 30HI0Bast MUKPOCKOITHS, C IIOMOIIBIO KOTOPOU
B HACTOSIIIICE BPEMs TICPEMEIIAIOT OTACITBHBIC AaTOMBI U
MOJICKYJIBI, OTPAHUMCHA B JUATIA30HE ICUCTBIS, M CaMa
mporeaypa cOOPKM 0OBEKTOB M3 MOJICKYIT M3-3a HaJTH-
4yt MHTEP(dEHca «YCITOBEK — KOMITBIOTE — MaHHITY -
TOP» HE MOXKET OBITh ABTOMATH3HPOBAHA HA HAHOYPOBHE.
XoTs1 pabOTHI B 3TOM HATPABIICHUH BEIYTCA M MMCEOTCS
TOJI0KUTEBHBIC PEIICHUS, KOTOPBIC CTATH YHUBCPCATb-
HBIMH CPEICTBAMM aTOMaPHOTO AM3aMHA, TS ITPOBEIC-
HUA XUMMYECKHMX PEAKLUN MEXK Iy IBYMs BbIOPaHHbI-
MU aTOMaMH (MOJIEKYJIaMH), 3aITUCH M XPaHCHM HH(OP-
MALMH C IPSACITHHO BO3MOKHBIM B IPUPOIC Pa3peric-
aueM — 101% (171a aToMapHBIX CTPYKTYP), a TakKe
MIOCIICAVIOIICTO CUMTHIBAHIIL, [T TAKOU 3aIPSICIBHO
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DyinepeHs
HanoctpykrypuposaH- ToHkYe e HKYA U Dy IepUTEL DrnemenTtapras Oaza
HEIE MaTepHAIIBI TIOBEPXHOCTHBIE Hanotpy6xn HaHOSJIEKTPOHUKHA U
Pa3IMIHOTO CJIOH TeTepo- Kommosursl KOMITBIOTEPHI CIIe-
Ha3HAYCHUA CTPYKTYPHI Ha IX OCHOBC JIYIOMIETO ITOKOIICHUS
Hanonayka W HAHOTEXHOJIOIHSH ——
30HI0BLIE
Kommsrorep- METOHI
HOC MOJIC- HCCIIeA0BaHUsA
Xumus Puznka Buonorust ?
JTHPOBAHHE aTOMH. IHu3aiiH

Puc. 2. BazoBbie Hay4HbIC OCHOBBI U OOBEKTBI HaHOHAaYKW W HAaHOTCXHOJIOI'NU

TOHKOH ¥ BBICOKOTOYHOM PaboOTHI B CIIyvae, KOTAa He-
00x01MMO (POPMUPOBAHUE OTITHYCCKUX BIICMCHTOB C
KCTIOIB30BAHUCM HAHOCTPYKTYHPOBAHHBIX MATCPHAIIOB,
oM He TpedyroTcsa. CymecTBYOIME HAHOTEXHOIOTH-
YECKUC YCTPOHCTBA, HATIPUMEP COBPEMCHHBIC HAHOMA-
HUITYJIATOPHI, A TAKOTO 00beMa padoT TP HBIHEIII-
HCH CKOPOCTH PCATM3 ALY MX U 3aTPaT HE MUMCET CMBIC-
714 UCTIOIB30BATb.

CornacHo wraccu(pukarviy HAHOHAYKK U HAHOTCX -
HOJIOTHH (PHC. 2) HAHOMPOIIECC, CBA3AHHBIN C 3aITUCHIO
u (popMupoBaHHEM HUHPOPMALIMOHHOHN CTPYKTYPHI B Pe-
TCHUCTPHUPYIOLIUX CPeAax, OTHOCUTCS K HAHOCTPYKTYPH-
poBaHHBIM MaTepuanam. JlanmpHeHas OCHOBHAS 3a1a4a
COCTOMT B CO3JAHHH TCXHOJIOTHH T10 YTIPABJICHHIO HAHOYAC-
THUL@MH ¥ HAHOKJIACTCpaMU rIOTCHUIOB cepedpa, KoTo-
PBIC SIBISIFOTCSI CTPOMTEIBHBIMHE 3JICMCHTAMH TOJIOT PaMM-
HO OIITHYCCKHUX HIICMCHTOB C 38 JaHHBIMU CBOMCTBAMHU.

Kak u3BecTHO, TOTOrpaMMHO ONITHYCCKHUC 3JICMCH-
THI TICPBOHAYAIBHO CO3JaBAIKCh HA TaJI0rCHUICePEO-
PSHBIX (POTOPESTUCTPUPYIOIIUX CPeAax, XOTS CYILICCT-
BYIOT M JpyTHe METOABI 1 cpeapl. Qororpadmaeckuil
MPOLIECC, HECMOTPSI Ha OPraHUYCCKHUIA HEAOCTATOK,
CBSI3QHHBIH C HCOOXOIMMOCTHIO XUMHUHUCCKOTO TIPOSIBIIC-

A fffw/ N B

HIT CKPBITOTO M300PasKCHU, & TAKKS HEBO3MOXKHOCTD
[IOBTOPHOTO MCIIOIB30BAHIS IMY/IBCUN TATIOMIHOTO CC-
pebpa, IMHUPOKO TMPUMEHSICTCS TS 3aITMCHA BO MHOTHX
00TacTsIX TEXHUKU, TAC PACIIPOCTPAHCHBI OIITUICCKHUC
METOABI 00pa0dOTKH UH(OPMALIMH, B TOM YUCIC U IS
CO3JaHMsI TOJIOTPAMMHO OITHYCCKHUX HIICMEHTOB, TPEX-
MepHBIX m300paxeHuit. OHu 00Ia1aI0T TAKMMU TIPS-
UMYIIECTBAMU, KOTOPBIE OTCYTCTBYIOT Y APYTUX PETH-
CTPUPYIOIIMX CPEI M TCXHOJIOTHM, U JSIAI0T UX HE3a-
MCHHUMBIMH BO MHOTHUX CITY1adaX.

W3zBecTHO, KaK 3aMUCHIBACTCSI, HATIPUMED, TOJIOTPa-
¢uaeckas aunza [12], oxxako (puc. 3) mocnie 3amucu
MBI UMCCM BCCBbMa HOCpeHCTBeHHBIﬁ TOJIOrpaMMHO
ONTHYECKUM 3IEMCHT, YCTYTIAFO U IT0 MHOTHIM OTITH-
YCCKHUMH [TAPAMETPAMH CYIICCTBYIOIMM KITACCHUCCKUM
auH3aM. XOTs SICHO, YTO JU()PAKLIMOHHBIN JJICMCHT,
MPEACTABISIONINE COOOM PEIICTKY, HE MOJKET HE UMETh
AUCTICPCUOHHBIX CBOMCTB U YMCHBIIWUTDH, HAITPUMCED,
XPOMAaTHIECKYIO a00epalivio, Kak B KITACCHYCCKOM JTHH-
3¢, HE YJACTCs, a BOT YBEIIMYUTh €¢ M CICIIATh ITO €C
MPCHMYILCCTBOM BO3MOIKHO. 31¢Ch HAMU HCIIOIB3YCT-
cq [3, 4] HAHOTEXHOJIOTHYSCKUM MPOLIECC COTIACHO
knaccugukanmu (puc. 2).

Puc. 3. T'onorpaduyeckue JTUH3LI,
HCXOIHOE COCTOSIHHE pacIpeieIeHHs Koel
pemmeTKa — A;
pe3yIbTaT MeXaHOCHHTE3a WU CXKATHS
HaHOCTPYKTYpHI — b




TEXHOJIOI'UA

JelictBurensHo (puc. 3, A), B pe3yibTare 3allicH
MBI [IOJIY4aeM TOJI0rpaMMy — CHHY COMJIATTBLHYIO 30HHYIO
wiactTuHKy Operernsa. OHa npe/cTaBisieT co00H KOHIIEH-
TPUYECKUE KPYTH (30HHBI) ¢ yOBIBAIOIUAM IIEPUOIOM K
nepudepun. Ha HEKOTOPOM paccTOSHUHU OT TICHTpA,
B BechbMa Y3KOit TOTocKe 30H HAYWHACT BBHITIONHSTHCS
ycIoBUe ppaKIiu CBETa, IIPH KOTOPOM Ha HUX IIPO-
HCXOJUT PA3IOKEHUE TONUXPOMATHIECKOM BOIHEI (Ha
CIIEKTpe Ha puc. 3, A OHA BBIJIEIICHA).

Kak n3BecTHO, uciepcnoHHEIE cBOMCTBa 1A pak-
IUOHHOU PEITIeTKN OMHUCHIBAIOTCS YpaBHEHUEM Byin-
T O-Amiyyl 2d sin ¢ = £ KA 1 pazIokeHIE TOIUXPOMa-
THYECKOTO CBETA, KAK U CIIEyET OXUIAATh, HATHETCS IIPH
rxd

W3-3a He3HAUMTENBHOM HHTEHCHBHOCTH X Ha (oHe
MOIITHOTO TIOTOKA He/IM(hparupoBaBIIAX BOTH MO OTHO-
ITEHNIO K Helt Ha dokyce MBI Oy/IeM UMETh Pa3MBITOS
TISITHO, OKPAITICHHOE B ITBET JUTHH BOJH, TIPH KOTOPOM OB
3alMcal TOIOrPaMMHO ONTHYECKUI DIIEMEHT JIMH3a, U
Pa3IOKCHHBIH B CIIEKTP OCNBIH CBET KaK Obl TaCUTCSL.

OCHOBOH rajoreHuJocepeOpsiHbIX PETHCTPUPY EO-
ITIX Cpe/T, KaK YKa3hIBaJIoCh, ABisieTcs oTorpadidec-
Kasl JKeJIaTHHA, KoTopas o0nafaeT cliocoOHOCTHIO Ha-
OyxaTh 1Ipu 00paboTKe BOJIOH, TIIUIIEPUHOM U HEKOTO-
PBIME JIPYTUMHU PACTBOPUTEIISIME, IPUCYTCTBYIOIAMU
pu GoToOXUMHUYIECKOH o6padoTke.

[ IpoHHUKHOBEHHE MOJIEKY I PACTBOPUTEIL B IIOJIIMED
U nocseayrolee HaOlyXaHue 3aBUCST OT TUIIA PACTBO-
purens. HaGyxaHue moinmMmepa COIPOBOXIAETCS
VBEIMYCHHEM €ro o0hbeMa M XapaKTepHu3yeTcs cTe-
nenb0 Habyxanus (ot 1000 u 0 1500%), BBIpa3uTh
KONOPY10 MO0 NIK: 4 = (m—mo)m0 , TJIe m, —Macca JIo
HaOyxaHusL, m —Macca nocie Habyxanust. [ loromenue
KenaruHol nepseix nopuuit H, O cBszano ¢ Bhijene-
mueMm 228 kan Ha 1 r H O. 3arpaThl SHEprum HyT Ha
pa3IBUIKCHHUE 3BEHLEB IIEIH U IIPEO/I0ICHUE B3aHMHO-
TO IPUTSDKSHIS MEKTY MOJICKYIaMH PACTBOPUTEIISL.

B moo0HBIX HAOYXIHMX MOTHMEpPax CoJIEpKaHne
PacTBOPUTENSI MOKET OBITH BETUKO. B TakoM HeTeky-
YeM IIPOAYKTE CYIIECTBYET MPOCTPAHCTBEHHBINH Kap-
Kac (ceTka) u3 Heneii nommepa, CBA3aHHbIX MKy
c000ii TOBOJILHO MPOIHLIMH CBI3AMH. OCTalbHOE
MIPOCTPAHCTBO 3aIIOIHEHO MOJIEKYJIaMU PACTBOPHUTEISL,
KOTOPHIC VICPKUBAIOTCS 0Iee c/Ia0bIMU CBSI3SIMIL

Crioco0HOCThL pacTBOpUTEIS MPOHUKATH B Ke-
JIATHHOBBIIA ¢J1011 1 BEI3BIBATH €10 HAOyXaHUE 3aBUCUT
OT CIIeYIOIMHX (haKTOPOB:

a) TEPMOJIMHAMUYECKOU OIarolpusiTHOCTH pa30aB-
JICHUSI JUTSI KOHTICHTPUPOBAHHOM CETKM TOMUMEPHBIX
1157

0) BHYyTPEHHETO OCMOTHYIECKOTO (JIOHHaHOBCKOTO)
sddexra, CBSI3aHHOTO ¢ 3apsi/laMy HOJIUMEpa 1 IPOTH-
BOHOHAMH,

B) BHEIIHETO OCMOTHYECKOT0 > deKra paziimaHbIX
PacTBOPEHHEIX BEIECTB, CBSI3AHHOTO C UX CIIOCOOHOC-
THIO IPOHUKATh B PACTBOP U BHI3BIBATH HaOyXaHUE,

T) o dexra OT YIPYroBI3KUX CBOMCTB;

JT) OT CTEIIEHH ITONIEPETHON CIMUBKH, BKIFOUast JyO-
JIeHHE U KOH(OPMAIHIO LeTIeH B ceTIartoi CTpyKType.

HaoGyxanue 3aBucur u ot pH. Ero MoxxHo ymeHb-
A TH BBEZICHUEM B (PUKCHPYIOIIYIO BaHHY JTyOUTEIeH.
HabGyxaHue xel1aTHHOBOIrO cllosl 0ojiee WU MEHEe
OJIMHAKOBO BO BCeX HAIPABICHUAX, T. €. H30TPOIIHOE,
HO 3aBHCHT OT YCIIOBHM CTY/ICHEHUs U CYIIIKH U OT aJi-
TEe3MH CJIOS K JKECTKOM IOJUIOKKE, Tak Kak KeCTKast
IIOJUIOKKa OlpaHWYMBAET BEpTHKaJIbHOS HaOyXaHHE,
HEPIIEHUKYJISIPHOE K ITOUIOKKE. OTHOIIEHUE BEPTH-
KaJIbHOTO HaOyXaHH K IPOIOIEHOMY Z/X, Ha3BIBaeMOe
aHN30Tponuel HaOyxauus, oObI1HO >1. [ToaTBEpIKIEH
(baxT opHeHTauu crnupaneil B CyXUX JKEITaTHHOBBIX
ciosix (puc. 4).

Puc. 4. CiupasibHasi CTpYKTypa JKeJTaTHHBI

CTPYKTYpBI, KOTOPLIC OPHEHTUPYIOTCS B BBHICHIXA-
IOITEM ;KETIaTHHOBOM CJIOC, TOIKHEI OBLITE CHIILHO ACHM-
METPUYHBI X BO3HUKAIOT B HAUAJIE, KOT/1a O0BEMHas JIOJIA
xeaTuHHI erme Maia. [ losnnbiit oobeM HaOyXaHus CHU-
kKaeTcsl 3a cueT o0pa3oBaHUs MOMEPETHBIX CBSI3CH B
caMoM KOHIIE, a Takxke BailesicTBHE Ay Onennst. HaOyxanue
VBEIMIUBACTCS ¢ TEMIIEPATYPO#t 1O TOUKU PaCTBOPCHUS
ciost ipH t >30 °C, ecau He 00eCIEUUTH J00ABOTHOE
00pa3oBaHrE KOBAJICHTHBIX IIOIEPEYHBIX CBA3EH ¢ I10-
MoImbio Ayonenns. HezaxyOneHusiit aMmopdhHEIi cIoH,
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TTOYYCHHBIA TOPSIHUM CIIOCOO0M, MOKET PaCTBOPATH-
¢ JasKe TP TIOHMKCHHOM TeMITCPaTyPe, TaK Kak B HEM
OTCYTCTBYIOT YYaCTKH KPHMCTAJUTUTHOTO Xapakrepa C
TIOTICPESYHON CITUBKOM.

Taxum obpazom, 06beMHOE HaOyXaHHUE OTIPCICITA-
€TCSA KOBAJICHTHBIMU M KPUCTAJUTUTHBIMHU TIOTICPCH-
HbIMH CBs3aMU. CKOPOCTh HAOyXaHHUs 3aBUCHT OT TCM-
TEpaTypsl, TICPBOHAYATLHOM TOIIIMHBI CYXOTO CIIOA U
crericHu 3aayOmusanws [ 1] YacTuie: ramoreHmaa ceped-
pa, IMCTICPTUPOBAHHBIC B YKCITATHHE, TIPCACTABIIOT CO-
601 HAHOCTPYKTYpUPOBaHHBIH MaTtepuan. OCHOBOM MO-
JICKYJIBI, KAK BUAHO U3 PUC. 4, ABIISCTCA YITICPOI — VHH-
KaTbHCUITUA XUMWYICCKUM 3JICMEHT, OTIHUYAFOIIHMICS
CITOCOOHOCTHIO COCTUHSITHCS C OOIBITUHCTBOM 3JICMCH-
TOB 1 00Pa30BBIBATH MOJICKYJIBI PA3THYHOTO COCTABA U
ctpoetmst. OHM HATIOMHHAIOT CTPYKTYPY MOJICKYI (hyII-
JICPCHOB, 00Pa30BBIBAs CTPYKTYPHI, COACPKAIIKE OT 36
10 540 aromos yritepona. OmHako pasHooOpasue yriie-
POIHBIX KapKaCHBIX CTPYKTYP Ha DTOM HE 3aKaH4YHMBa-
ercs. Kak uzsectro, Cymuo Mumumo B 1991 r. oTkpein
VYTTICPOTHBIC IIMITMHIPHI, TIOTYIHBIIMC HA3BAHUC HAHO-
TpyOok. HaHoTpyOku OBIBAtOT pasimaHOM (DOPMBI: O~
HOCJIOMHBIC ¥ MHOTOCIIOMHBIC, TIPSIMBIC U CITHPAIHHBIC,
KPOME TOTO, OHH JICMOHCTPUPYIOT LICITBIHM CIICKTP CaMbIX
HCOKHIAHHBIX DIICKTPUYCCKIX, MATHUTHBIX, OITTHYCCKUX
CBOMCTB. DJICKTPOHHBIC CBOHCTBA HAHOTPYOOK MOKHO
LICITCHATIPABICHHO MEHATD ITyTCM BBCICHUSA BHYTPB TPY-
OOK aTOMOB JPYTHX BEIIECTB. Tak Kak BHYTPb IPEIIIO-
JIaracMoro YIJICBOIOPOIHOTO KapKaca U3HAYAIBHO BBO-
JSITCSI TATIOTCHUIBI cepedpa (TOHKOIMCIICPCHBIN TTOpPO-
ok Ag Hal) mpur mpyrom (hazoBoM cOCTOSIHUE (GKHIKOM),
TO B TBEPIOM COCTOSTHHM OHU OKa3bIBAFOTCS BHYTPH 3TOM
TPYOKM B BHIC YaCTHUCK cepebpa. ITOT «KOHTEHHEDY
MOKHO TICPEMEIIATh U3MCHS (PasoBOC COCTOSHUC.

HanoxpucTamisl ragoreHuIoB cepedpa, BKIFOUCH-
HBIC B CIIMPATICBUIHBIA OCTOB KCITATUHOBOUM OCHOBHI,

Mnockas
cBeToBas
BOJIHA X

roaorpamma

MpuHunn pa6oTbl ronorpacdUyecKoi 30HHOWN peLIeTKH

TIEPEMEIAIOTC BMECTE (C M3MCHCHHUEM (PUBHKO-XUMHU-
YECKOTO COCTOSIHUS) U IIPUHUMAIOT OTJIHYHYIO OT IIep-
BOHAYAIBHOTO 3HAYCHHSI IUIOTHOCTH PACIIPCIACICHUS
4acTHIL 3a cueT MexaHocuuTesa). C moMombio onop-
HOT0 H 00BEKTHOT0 KOTePEHTHBIX JTa3ePHBIX JTyueti
€031ABATIACH OMPEIC/ICHHAS pacdeTHasi uaTepde-
peHIHOHHAST KOHPUTYpAIs 0y AyIIero OnTH4Ie CKo-
T'0 JJICMEHTA, HATIPUMEP 30HHOU ruTacTUHKY OpeHerst
(romorpad)uecKoM TUH3BI) WITH TUTOCKOM JIBYMEPHOM
mupakuronHoH perueTkn. KonuaecTBeHHAS BETUIUHA
MAacChl PAaCTBOPUTCIIA UKW CTCIICHb MOAYJIALIMU ITPO-
CTPAHCTBEHHBIX YACTOT 3aITMCAHHOM CTPYKTYPHI 3aBH-
CHT OT MOCTaBJICHHOM 3a/1a4H.

[Moabupast pacueTHBIM U IKCIICPUMEHTAIBHBIM ITy-
TeM [1, 13], mepemenacM HAHOKITACTEPEI TATIOTCHUIOB
cepedpa (MEXaHOCHHTES) OT JACCATKOB JI0 COTEH HAHO-
METPOB B HCOOXOAMMOM HAIPABJICHUU HA TPCOYCSMYIO
BCIUIUHY BMECCTC C KCIIATHUHOBBIM ((KOHTGI\/'IHGPOM»
(TipeacTaBsroIMM CO00% MPoodpas HaHOTPYOOK ), H3-
MEHsIST (Da30BBIC COCTOSIHUSL PETUCTPUPYIOIUCH CPCBL.
Ha puc. 3, A, b co3maHHBIC KOTCPCHTHBIMH JTyIaMH
UHTCP(PCPCHLMOHHBIC AUCTICPTHPYIOIIUE CTPYKTYPBI
BBIICJICHBI KOHICHTPHUICCKUMU KPYTaAMHW U CTPCIIKAMHA
YKa3aHbI HATIPABJICHUS MX CMCIICHHS. TakuM 00pazom,
MOXXHO KOHCTPYHUPOBATH HUIIU U3MCHATH T'COMCTPUIO
M3BECTHOTO 00BeKTa. HampasineHue cCMELICHMST TIPe.-
crasieHo Ha puc. 3, A, b ctpenkamu. B nannom cayaae
(puc. 3, A) YIUTOTHCHBI 30HHBIC KOJIBLIA 3a CYCT CMEIIC-
HIL MX K LCHTPY B LICIBIX CO3AHUSI AUCTICPTUPY FOILCH
CTPYKTYpbI Ha paccTosiHue BemmauHOM 0T S00 10 5—10 1M,
B pesynbpraTe momyuacM HOBYIO CTPYKTYPY WIH TOJIO-
TPaMMHO OTNITHYCCKUH 3IIEMCHT C APYTUMH (DHU3HUCC-
KHMMHA CBOI\/'ICTBaMI/I, C HGOGXOI[I/IMBIMI/I SHAYCHUAMHU
MEepPHO,a PEIICTKH, KaKk mokasaHo Ha puc. 3, b. Hampu-
MEP, HAMU 0Ty YCHBI JUCTICPTUPYIOIIHC 30HHBIC TUTAC-
Trrku OpeHerst (puc. 5) U BBICOKOPA3PCILAOIIKEC TO-

Puc. 5. IlonydeHHast mocie HAHOKOHCTPYHPOBAaHHUS
rojorpadguueckas 30HHas acTHHKa Qpenens
¢ peTyIupoBaHUEeM ($a30BOTO COCTOSHUS
OpTaHHYeCcKOU OCHOBHI U €¢ AUCTICPr UPYIOIee CBOMUCTBO
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