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(57) Crioco0bI 1 CHCTEMBI TSI OTIEHKH YISIBHOMN PO~
BOAMMOCTH CUCTEM TIIMHUCTHIX MUHEPAJIOB H JUIS TIPH-
MEHEHUSI Pe3yJIbTaTOB OLCHKH B MAaCIITa0HOM aHaJIH-
3e. YIenbHyI0 IPOBOAUMOCTE IIIMHBI MOYKHO OLICHHUTD,
MOCTPOMB MOJIEKYJIIPHYIO MOZENb OE3BOIHON IJIHHEI
C HEHTpaNbHBIM 3aps/IOM, a 3aTeM ONPEAEIUB IIIOT-
HOCTB 3apsAa MOCPEICTBOM 3aMEHBI HOHOB B MoOJe-
JIM TIIMHUCTOH CTPYKTYpBL. [IpOTHBOHOHBI BBOJAT VIS
obecrieueHUs] HEUTPATbHOCTH 3apsIOB, @ MOJICKYJIbI
BOJIBI IOOABIISIOT B MOZEIB JUIs JOCTIKEHHS BEIOpaH-
HOTO YpoBHS ruaparanud. [locie Ha3HaueHUs Kod(-
(UIIEHTOB CHJIOBOTO ITOJSI BHIOJIHSIOT MOJACIHPO-
BaHUE METOIOM MOJEKYJISIPHON TUHAMUKY JUIs TOJY-
YeHHs JaHHbIX, HA OCHOBaHHUH KOTOPBIX MOXKHO OIle-
HUTH K03 durments! guddys3un. McrnonszoBanne co-
otHomeHns Heprcra-DitamTeliHa ¢ kod¢dduImenTa-
MU 1 GYy3UH TPOTUBOUOHOB TTO3BOJISICT Y3HATH MOH-
HYI0 IPOBOJMMOCTb CHCTEMBI INIMHBI. DTy YACIBHYIO
MPOBOANMOCTH MOXKHO HCIIOJIB30BATh VIS TOTYyYCHUS
TUTACTOBOTO KO3 (HUIMEHTA 1 NCIIONB30BaTh B aHAIH-
3€ NMPSMBIM YUCICHHBIM MOJICITUPOBAHUEM.

IV T8CTI6LI0C



PACYET YVJIEJbHOW NPOBOANMOCTU HAHOIIOPUCTBIX MATEPUAJIOB

l'lenelq!ech,le CChUIKH HA POACTBEHHLIC 3a9BKH

[0001] CoriacHO HACTOSIIECH 3asBKE HCIPAIIMBACTCS MPUOPUTET B COOTBETCTBUU C
3asBkoii Ha Bblmauy marenta CIIIA Ne 14/566 520, nogannoit 10 nexabpst 2014 r. mox
nasBanuem «Estimation of Conductivity for Nanoporous Materials», koTopasi BKJIIOUEHa B
HACTOSIIIAM TOKYMEHT BO BCEH MOJHOTE MOCPEICTBOM CCHUIKH.

3AABJIEHHUE KACATEJIbBHO ®HMHAHCHUPYEMBIX W3 @OEJIEPAJIBHOI'O
BIOJKETA UCCJIENOBAHMI U PABPABOTOK

[0002] B cootBerctBum ¢ goroBopoM Ne DE-AC04-94AL85000, 3akmOueHHBIM
Mexkay MunancrepctBom sHepretukn CIIIA w  xopnopamumeid Sandia Corporation,
npasutenbctB0 CoenuHeHHbIX [IITaToB AMEpUKHM MMEET HpaBa HA STO U300peTeHHe s

paboTel CaHIUICKUX HAIIMOHATBHBIX J1a00paTOPHIA.

IIpeanochbLIKH K CO3AAHHI) HACTOAIIEr0 H300peTeHus

[0003] Hacrosiee n300peTeHHe OTHOCHTCS K aHAIM3y O00Pa3loB FOPHBIX MOPOI ISt
omnpeneneHns NeTpOPU3MIECKIX CBOICTB.

[0004] OcHOBOMOMATAIOIIAM TPUHIIUIOM B He(TerazoBoi 00NacTH SIBJISIETCS 3HAHUE
CBOWCTB MATEpUANIOB IUIACTOB MOA3EMHOW IMOPOJBI, 3TO BAKHO JUIS OLEHKH KOJUJIEKTOPOB
YIJIEBOJOPOAOB B TONHIE 3eMiId M A1 (GopmynupoBaHHs cTparerud pa3paboTKH TaKuX
KOJUIEKTOPOB. B 001acTi TEXHHKH, K KOTOPOIl OTHOCHTCSI HACcTOsIIee H300peTeH e, XOPOLIO
W3BECTHBI Pa3HOOOpas3HbIe MPUOOPHl U METOJIMKH MOJTYYEHUs Takoil nH(GOpMaLuH, KOTOpbIe
BKIIIOUAIOT aHATN3 CEHCMHMUECKMX NAHHBIX, NOJyueHHe OO0pasloB KepHAa W3 H3Y4YaeMbIX
IUTACTOB U WX AHAIM3, 4 TAKKE PA3IMUYHble KOCBEHHBIE M3MEPEHUSI 3eMIIH, I0JIy4aeMble BO
BpeMsi mpoiiecca OypeHusl.

[0005] Hambonee pacnpocTpaHeHHBIM crmocoboM aHamu3a MOA3eMHOr0 IUIacTa
SIBTISIETCS. KAPOTAK 1O METOLY CONMPOTHBISHHS BIOJIb CTBOJA CKBAXUHBI B IuiacTe. CornacHo
TPaJULUOHHOMY KAapOTaXy IO METOJy COIPOTHUBJICHHUSI HU3MEPSIOT SJIEKTPUUYECKHH OTKINK
IUTACTA, PACIIOIIOKEHHOTO BOKPYT CTBOJIA CKBAKHMHBI, KAK MPABIIIO, AJISI IOy YSHHUS 3HAUESHUS],
HA3bIBAEMOI0 TUTACTOBBIM KOX(PHULIMEHTOM, KOTOPBIH NpeacTaBiasieT coOOH OTHOIIEHHEe

YASIBHOI'0 CONMPOTUBJICHUSA HACBIIEHHOH KHUAKOCTHIO MOPOALI K Y ACJIBHOMY COIPOTUBJIICHUIO



camoii Hacelmarommel xuakocTd. COriaacHO COOTHOLIEHUIO ApYM IUTACTOBBIM KO3 ULHEHT
3aBHCUT TOJBKO OT T€OMETPUU IOPOBOTO NMPOCTPAHCTBA MOPOJBI, U C MOPUCTOCTBIO E€ro
MOJKHO YBSI3aTh, HCIOJNB30BAB IOKA3aTenb, HA3BIBAEMBIA MMOKaszaTeneM HemeHTanuu. Kak
CJIECTBHE, AHAJIM3NPYS TPAIUIMOHHYIO AMArpaMMy KapoTaka MO METOIy CONpPOTHBIISHHSL,
MOKHO TOJYYNTh BRKHYH HHYOPMALMIO O TMOPUCTOCTH WIH BOJOHACHIIIEHHOCTH
nzydyaeMoro Immacra. bomee Toro, Ha OCHOBaHMM JuarpaMmbl KapoTaka MO METOAY
COTMPOTHUBJIEHHUS] B COUETAHUM C MPABWIBHON paciudppoBkoi (U3nUeckux CBONCTB MOPOIBI
MOJKHO TOJIYYHUTh MOAPOOHY 10 HH(POPMALIHMIO O IPOHUIIAEMOCTH ILIACTA.

[0006] HecmoTpss Ha TO, UYTO COOTHOIIEHWE ApYd IMHPOKO HCHOJB3YETCS LISt
TOJIKOBAHUSI SJEKTPHUECKOTO OTKJIMKA HA OCHOBAHMH WH(POPMALINH U3 JHATPAMM KapoTaxa U
0o0pa3loB KepHa, W3HAYAIBHO OHO ObLIa COCTAaBJIEHO IS Psiga IKCIEPUMEHTATBHBIX
m3mepennii. OxHako OBLIO OTMEYEHO, YTO COOTHOIIEHHEe ApPUH CIPaBEIUBO TOJIBKO IS
IU1aCTOB MOpPOAbI € MPOCTHIMHU HCTpO(l)I/ISI/I‘-IeCKI/IMI/I CBOﬁCTBaMH, HarmpuMmep, YucToro rnecka.
Taxke OBUTO OTMEYEHO, UTO COOTHOIIEHHE ApUM He MOAXOAWUT AJIsl TIIMHHCTOrO MecKa, a
AMEHHO IIECKa, COJEPKALIero IVIMHUCTBIE MUHEpaibl. TpaJulMOHHBIA HOAXOX aHaIu3a
agarpamMm KapoTtaxa IO METOAYy COHNPOTUBJICHHS, IOMYUYCHHBIX IS TJIMHUCTOI'O IICCKa,
Ha3bIBASTCSl B OONACTH TEXHHWKH HACTOSLIero u3o0pereHus: merogoM Y akcmana-Cmura.
OnHako Ha HPAKTHKE TAKOH MOIXOX HECKOJbKO OTPAaHMYEH, MOCKOJIBKY ISl TOTO, YTOOBI
YBSI3aTh YJEIbHOE CONPOTUBICHHE C BOJOHACBHILEHHOCTHIO M IMOPHCTOCTHIO, HEOOXOIMMO
3HATh KaTI/IOHOOGMeHHYIO €MKOCTh I'NTMHUCTOIr0O MUHEpAaia B INIMHUCTOM IIECKE.

[0007] Beuto OTMEUEHO, YTO MPHUCYTCTBUE TIJIMHBI B OOpa3lle TOPHOU MOPOMABI
YCIIOKHSIET paciiu(ppOBKY JAHHBIX 3JIEKTPOPA3BEIKH, ITOIYUSHHBIX U3 IUArPAMM KapoTaxa U
o0pasuoB kepHa. OXHON W3 NPHUYMH 3TOrO SIBISIETCS TO, YTO JJIEKTPHUYECKHE CBOICTBA
TIMHUCTBIX MHUHEPATOB (Jajiee — «IJIMHBIY) Majio MOHSTHBL. B CBsi3u ¢ 3TUM pacimdpoBka
SJICKTPUUCCKUX CBOMCTB TJIUH (a TAKKE CBI3aHHBIX CBOﬁCTB, TAKHUX KakK KaTI/IOHOO6MeHHa$I
€MKOCTb), M3MEPEHHBIX B J1a0OpaTOPHBIX YCIOBHSX, 3arpylHeHa. Tawke pacmudpoBka
JAHHBIX JJIEKTPOPA3BeAKH B INIMHAX YCIOXKHSETCS H3-3a HAHOPA3MEPHOCTU CTPYKTYPBI
OOBIYHBIX TJIMH, KOTOPAsl 3HAUMTEIBHO MEHbIIe HAHOPA3MEPHOCTH CTPYKTYPHI MECKA, 32 CUET
YUero rjivMHbl MCHBIIC NOAAAKOTCS SKCICPUMEHTAM W aHATU3Y C aTOMHBIM Pa3pCIHICHUCM.
Bonee Toro, kpucraiumueckass CTPYKTypa TIJIMHHUCTBIX MHHEPAIOB YacTO JOBOJBHO
HEOJHOPOHASI, HAIIPUMEP, COCTOUT U3 TOHKUX IJIACTHHOK, PACHOIOKEHHBIX HE apaLIenbHO
JIpYT Opyry, ¢ MPHUYYAJIUBBIMH I'DAaHHLAMH W MOpamMHu HeoObruHOW (opmbel. Kpome Toro, B
TJIIMHAX 4aCTO NPUCYTCTBYIOT NPUMECH, B YaCTHOCTU HA BHEIIHUX IMOBCPXHOCTAX IUIACTUHOK,

U OHHM CMEHIAOT APYrue aroMbl, 3aMellasl HUX, W HUSMCHSIOT PACHpPCACIICHUC 3apsiaoB B



[JIHHACTOM Marepuare. B 1memom, Takue CIOXKHOCTH, OOYCIOBIEHHBIE HAHOPAa3MEPOM
KPUCTA/NIOB, HEYMOPSIAOYEHHBIM PpACHOJIOKEHHEeM KPUCTAIIOB M IUIACTHMHOK, a4 TaKkKe
CIOKHBIM COCTaB TIJIMHUCTBIX MHHEPAJIOB KpalHEe YCIOXKHSIOT MpsIMO€ H3MEpPEeHHe
NETPOPU3NUECKUX CBOMCTB TJIHH.

[0008] C HemaBHMX TOp AJsl OMPENESISHUS] CBOWCTB Marepuana oOpas3loB TOPHOIA
MOpPOJABI TMPUMEHSETCSl TEXHOJOTWSl NPSIMOr0 YHUCISHHOTO MOAEIUPOBAHMS CBONCTB
MaTepyaja HAa OCHOBAHMUHU IM(PPOBBIX HM300paKEeHHM MOPOALL. B COOTBETCTBHHM € 3ITHM
MOAX0J0OM ISl MOJAYUYEHHs] 00BEMHOI0 HU(POBOr0 M300PAKEHMUS, OMHCHIBAIOIIETO 0Opa3el]
TOPHOU MOPOJBL, MOJIYYAIOT PEHTTEHOBCKOEe TOMOrpaduueckoe n300paxkeHue 3Toro odpasua.
3areM Hax oOBeMHBIM LU(BPOBBIM H300PAKEHHUEM MPOBOAST BEIUMCIUTENBHBIN SKCIEPHUMEHT
IUIST MOAETUPOBAHUS (PM3MUECKUX MEXAHM3MOB, HA OCHOBAHHH KOTOPBIX MOXKHO HM3MEpHTh
¢usnueckue CcBoOWCTBa TOpHOH mopoxel. C MOMONIBE METOAa NPSMOTO YHCIEHHOTO
MOACIUPOBAHUSI MOYKHO ONPEACTIUTH TaKUC CBOMCTBA FOpHOﬁ nmopoAabl, KakK ITOPUCTOCTD,
abCoM0THAST MMPOHULAEMOCTb, OTHOCUTENbHASI MPOHUIAEMOCTh, IUIACTOBBIA K03 (uumeHT,
MOJYJIY YIPYTOCTH U T. II.

[0009] B uacTtHOCTH, NPSIMOE YUCICHHOE MOJCTUPOBAHUE IJICKTPUISCKUX CBOMCTB Ha
OCHOBaHMHM  LU(POBBIX  H300paKEeHUIT  MOPOABI  OCYIUECTBISETCS  MOCPEICTBOM
ANMpOKCUMAlMK WM PEIIeHUs] COOTBETCTBYIOIIUX JJIEKTPUUYECKUX YPABHEHUH, Hampumep
ypasHeHwus Jlamiaca, ¢ nepeMeHHbIME K03(QHIHEHTaMI B COOTBETCTBYIOLIMMH I'PAHUYHBIMA
ycroBusiMi.  OmHAaKo TakoH TOAXOA TpPeArojaraer, 4ro JJIEKTPHYSCKHe CBOWCTBA
COCTABISIIOIIMX MaTepUalioB B MOPOJAE M3BeCTHbL. Hampuwmep, TBepable 3epHa (Hampumep,
KBapIl) MOKHO paccMaTpHBaTh B MOJETH KaK HENpPOBOASIINE, ITMHUCTBIE (Qpakmuu — Kak
YACTHYHO NMPOBOSINKE, & MOPOBBIE KUIAKOCTH, TaKWEe KaK COJEHAs BOJA, — Kak Hamboiee
npoomsmyo (asy. HecMoTpss Ha TO, 4TO Takoe pacmpeielicHHe MPOBOISIINX CBOWCTB
X0opomro MU3BECTHO AJis1 TBEPABIX 3€PEH U IMMOPOBBIX )KHHKOCTeﬁ, (bmnqecxaﬂ OCHOBa 151
TAKOTO pACHpeieNeHHs] NPOBOASIIAX CBOWCTB CpeaM IJIMH npuHsita He Obuia. Takum
o0pa3oM, HCIOIb30BAHWE 33JAHHBIX BEIWYMH U YISIBHOW NPOBOIUMOCTH TJIMHBI
MNPUBOAUT K ITOSIBJICHUIO HeOHpe,Z[eHEHHOCTeﬁ B O6BI‘IHOM MOACIUPOBAHUU SJICKTPHYECCKOI'O
OTKJ/IMKA B INTHHOHOCHBIX ITECKaX.

[0010] Eme omHOM mOpeamoChUIKOM MOYKHO Ha3BaTb MOJAEIUPOBAHUE METOAOM
MOJIeKyIIpHO# quHAMUKH («MJ]»), MO KOTOPBIM MOAPa3yMEBAETCS BEIYUCIUTEBHBIN METON
OMNMCAHMSI U3MEHEHHsI C TEUEHHEM BpPEMEHU KOHEUHOM MOJEKyISIpHOM WIW aTOMHOU
CHUCTEMBI, OCHOBAaHHBI Ha MNPUOIIKEHHOM BRIpAXEHHHM (T.€. Ha CHJIOBOM TMOJNeE),

onpeac/siromeM NOTCHHHATBHYK SHEPruro  KaKAoro aroMa B CHUCTEME. CornacHo



TPaZAULIMOHHOMY MOJAETUPOBAHUIO0 MeTOAOM M/l naHHbIE, Takue KaKk KOOPAMHATHI, CKOPOCTH
U CWUIBL, ATl KaXJAOTO aroMa B CWJIOBOM IIOJ€ COXPAHSIIOTCSL 4Yepe3 OIpenesCHHbIS
MPOMEXYTKH BpEMEHH. 3aTeM STH AAaHHbIE MCIOJIb3YIOTCS AJISI BHIYUCISHHUS MIHOBEHHBIX H
VCPEAHEHHBIX MO0 BPEMEHH CBOWCTB, TAKHUX KaK TPAEKTOPHUH aTOMOB U MOJEKYJ, nmpoduin
aTOMHOM WJIN MOJ'ICKy.]'[SIpHOﬁ IUIOTHOCTH B OJHOM WU ABYX HU3SMEPCHUSX, MEKATOMHAA
CTpyKTypa (Hampumep, paguaibHas QyHkuus pacnpeneneHus), kodddummentsr nuddyszum,

KoebarenpHas CTPYKTypa | T. IL.

KpaTkoe pacKpbITHE HACTOSAIIECI0 H300peTeHus

[0011] B cooTBeTCTBHH C BapHaHTaMH OCYINECTBIEHHS HACTOSIIEr0 H300peTeHus
MPEJOCTABIISIETCSl COCO0 M CUCTEMa TOYHOM OLEHKH 3JEKTPUYECKOr0 OTKIHKA TJIHHHCTBIX
MUHEPAJIOB U NECKOB, COACPKAMUX INTMHUCTBIC MUHCPAJIBL.

[0012] B cooTBeTcTBMHM C BapHaHTAMH OCYIIECTBIEHHs HACTOSIIEro u300peTeHus
NPETOCTABISIETCST CMOCO0 M CHCTeMa Ui HM3MEPEeHHs METOAOM HPSIMOTO YHCISHHOTO
MOJIeTTUPOBAHMS TMETPOPHU3MUECKIX CBOWCTB OOpasia MOA3EeMHOrO ILIACTA, COAEPIKAILErO
TJIIMHUCTBIC MUHEPAJIBL

[0013] B cooTBeTcTBMH C BapHaHTAMH OCYIIECTBIEHHsS HACTOSIIEro H300peTeHus
MPETOCTABISIETCST COCO0 M CHCTeMa JUIsl MPUMEHEHHUs] H3MEpPeHUH, HampuMmep H3MepeHHit
npsIMbIM ~ YUCJIICHHBIM  MOIACIIUPOBAHUCM, OJIEKTPHUYCCKOro OTKIMKa HAHOPasMEpHOIro
Marepuaaa, TaKOro Kak TJIMHUCTBIN MUHEPpAT WJIN NECKU, COACPKAIMMUEC TITTHUHUCTHIC
MHHEPAJBL, 111 6oee MacIuTabHOTO ONpeaeIeHHsI XapaKTePUCTHK IUTacTa.

[0014] B cooTBeTCTBHH C BapHaHTaMH OCYINECTBIEHHS HACTOSIIEr0 H300peTeHus
MPEJOCTABIISIETCSl CIOCO0 M CHUCTeMa il OLEHKH ILIacTOBOrO Ko3((HLIMEHTa COCTaBHBIX
IUIACTOB, COACPKAIUX HAHOPA3ZMEPHBIC KOMITIOHCHTBI, TAKUE KaK I'NTUHBI.

[001S] Hdpyrue nenu M NOPEeUMYILIECTBA BAPUAHTOB OCYIUECTBJICHUS HACTOSILErO
n300peTeHns CTaHyT TOHSATHBIMH CIENHATNCTAaM B OONAaCTH TEXHHUKH HACTOSIIIEro
n300peTeHHs TOC/IE O3HAKOMIIEHHS! ¢ IOAPOOHBIM PACKPBITHEM H MPUIaraeMbIMU (QUTYPaMIL.

[0016] BapuanTel OCyIIECTBIEHHS] HACTOSIIEro H300peTeHHss MOryT OBIThb
pearn30BaHbl CIOCOOOM MOJETHPOBAHUS SJIEKTPUIESCKOTO OTKIMKA KOMIIOHEHTA TJIMHUCTOTO
MHHEpana U CHCTEMON T OCYIIECTBISHUS TAKOrO MOAEINPOBaHHS. Moaenb MOTEKyISIPHOU
[JIMHUCTOM CHCTEeMBbl BBITOJHEHA B BHUAE MHOTOCIOMHOM CTPYKTYpPBI, COOTBETCTBYIOLIEH
TIIMHUCTOMY MHHEPAITY, aHAJIOTHYHOMY H3yqaeMOI>'I IJIHHE, B KOTOpOﬁ IIOJIMBAJICHTHBIC

KAaTHOHBI BEIOPAHHOTO BHUJA BCTABJCHBI B CTPYKTYPY IPU BBIOpAHHOH IUIOTHOCTH 3apsiia, a



HECKOJIBKO BOJOHOCHBIX CJIOEB BCTABIEHBI B MEKCIOWHOE MPOCTPAHCTBO MEXIY CIOSIMH B
CTPYKTYpE B COOTBETCTBHMHM C BBIOPaHHOH BOJOHACHIIEHHOCTHIO. CKOHCTPYHPOBAHHOM
MOJEIN IVIMHBI HA3HAUAKT [apaMeTpsl CHJIOBOIO IIOJIS, XAPAKTEPU3YIOLINE MeKaTOMHBIE
CHJIBI u NEPEMCHHEBIC MOACTIUPOBAaHUS, COOTBETCTBYIOLIUEC Tp66yeMI>IM Y CJIOBUAM
MOJeTHUPOBAHMSI, TAKHM KaK JaBJICHHE, TeMIeparypa, o0beM U T. I 3areM AJsl ONpeesieHus!
kodpumeHToB UG Py3un  MEKCIOWHBIX HOHOB B CHUCTEME TJIMHBI  BBIIOTHSIFOT
MOJIeTUPOBAaHIE METOIOM MOJIEKYISIpHOH AnHaMuKH. [locie uero mpuMeHsIIoT COOTHOIICHHE
Hepncra-OfitHmTeitHa, KOTOPOE MO3BOMISIET OLIEHUTH HOHHY IO TIPOBOIUMOCTE TJIMHBL

[0017] B cooTBeTcTBUM C JPYIHMH BapUAHTAMU OCYILIECTBICHHUS! HACTOSILErO
n300peTeHns] MPEOCTABISIETCSl Coco0 M COOTBETCTBYIOINASl CHCTEMA IS BBIIOJTHEHHS
MPSIMOTO YMCJIEHHOTO MOJEIHPOBAHUS TOPHOI MOPOABL, B KOTOPOH COAEpkKarcs ITIMHUCTHIE
¢paxium. [TocpeacTBOM PeHTreHOBCKOM ToMorpaduu monyyatoT Tpexmeproe (3D) oObeMHoe
nzobpakeHue oOpasiia rOPHOM MOPOABI, MOCIE Yero 00BeMHOE U300PAKEHUE CErMEHTHPYIOT
s paznmuueHuss (a3 HempoBosuX (Gpakuuii TopHOW mOpoARl (HampuMmep, Ksapia),
YACTUYHO MPOBOAAIIMX (paxiuii (HampuMep, TJIMHBI) ¥ MOPOBOro mpocTpaHcTBa. Kaxmoi
CEerMEeHTUPOBAHHOH (hase MPHCBAHBAIOT NPOBOISIINE CBOWCTBA W BBIMOTHSIOT YHCIOBOE
MOJETUPOBaHNE I/ OLEHKH JJeKTPUUECKOro OTKIHka oObeMa. M3 cMOIeampoBaHHOTO
OTKJIMKA OLEHHBAIOT OJHO HIM HECKOJbKO JJIEKTPUUYECKHUX CBOMCTB COOTBETCTBYIOLIETO
o0pasua r’IMHOHOCHOH FOPHON ITOPO/IBL

[0018] B cooTBercTBHMM C JpyIMMH BapUaHTaMU OCYILUECTBIEHHS! HACTOSILErO
M300PETEHUsI CTPOSIT MOJIENb MOJEKYJISIPHON KUIKOCTHON CHCTEMBI M 3AIONHSIOT €€ BOJOH
npu TpedyeMoii IIOTHOCTH, I BLIOPAHHBIE IIPOTHBOMOHEI Pa3MEIIEHBI B CTPYKTYPE MOJEIN
B TOpsAKe BHeApeHus ¢ TpeOyeMmoil KoHLeHTpauued 3apsaa. s Mozenn HazHA4YarOT
KOA((PHUIMEHTBI CUIOBOTO IOJS M BBIMOJHSIOT MOISITMPOBAHUE METOIOM MOJIEKYISIPHOMN
JUHAMUKA sl OnpeneieHuss 00beMHON yAeIbHONW MPOBOAMMOCTH JKHUAKOCTH B KAdeCTBE
KOHTPOJILHOW MOJAeH. 3aTeM Ha OCHOBAHUH OTHOLICHUS! OOBEMHOM y 1eTbHOH MPOBOIUMOCTH
KOHTPOJIBHOH KHUIKOCTHOH MOAEIH K CMOJETHPOBAHHBIM HOHHBIM IIPOBOIUMOCTSIM CHCTEMBbI

TJIMHBI BEIYUCIISIFOT IUTACTOBBINA KO3 ()(UIIMEHT ITHHOHOCHOTO Marepuaia.

Kpartkoe onucanne ¢puryp

[0019] Ha ¢ur. 1 cxemarndyecku TIOKazaHa »dJIEKTPUUECKAs CXE€Ma CeTEBOM
KOMHI:IOTGpHOﬁ CHCTECMEI, SaHpOFpaMMI/IpOBaHHOfI Ha BBIINOJHCHUC PA3JIAYHBIX MPOLECCOB

CO3JaHus Mojaened u MOICIUPOBAHUSI HG(I)TGF A30BBIX KOJUICKTOPOB B COOTBETCTBUU C



BApPHAHTAMH OCYILECTBJISHHUS HACTOSIIEr0 H300pEeTEeHMSL.

[0020] Ha ¢ur. 2 Ttake mokazaHa OJOK-cxema TIpoIecca OLEHKH HWOHHOM
MPOBOAUMOCTH CHCTEMBI TIJIMHHCTBIX MHHEPATIOB B COOTBETCTBUM C BapHAHTAMHU
OCYLIECTBJIEHUS HACTOSIIErO N300pEeTEHHUSI.

[0021] Ha ¢ur. 3 nokazaHa O;10K-cxema MOCTPOSHHSI MOJEKYJIIPHON MOJETH CHCTEMBI
[JIMHUACTBIX MHHEPAJIOB B COOTBETCTBHHM C MPOLECCOM, IOKa3aHHBIM Ha ¢ur. 2, B
COOTBETCTBHH C OJHUM BAPHAHTOM OCYIIECTBJICHHS HACTOSIIEr0 H300pEeTeHHsL

[0022] Ha ¢wr. 4a-4g mnokazaHel cXeMaTHUYeCKHe JWarpaMMbl MOJEKYJISIPHBIX
MOJIelield CUCTEM INIMHHCTBIX MHHEPATIOB Ha PA3IHUYHBIX CTaVSIX MpoLiecca coriaacHo ¢ur. 3.

[0023] Ha ¢ur. 5 mnokazana Oj0K-cxema Tpolecca OLEHKH — IUTACTOBOTO
K03 dHIeHTa CHCTeMbl TIMHUCTBIX MHHEPATOB B COOTBETCTBHM C OJHHUM BapHAHTOM
OCYLIECTBJIEHHUS HACTOSIIEr0 N300peTEHHUSI.

[0024] Ha ¢Qur. 6a-6b moOKa3aHO PEHTTEHOBCKOE MHKPOTOMOTpa(UISCKOE
n300paKeHHe W CerMEHTHPOBAHHOE IPECTaBIECHHE, COOTBETCTBEHHO, 00pa3na COCTaBHOTO
IUIACTa, COAEPKAIIErO IMIMHUCTBIA KOMITOHEHT, AJIsl MPOBEACHUSI aHANN3a B COOTBETCTBUU C
BapHAHTAMH OCYILECTBJISHHUS HACTOSIIETO H300peTEeHHS.

[0025] Ha ¢ur. 6¢ mokasan rpaduk miacroBoro kodduumeHra mis Tpex pasHbIX
[JIMHOHOCHBIX IIE€CKOB, COCTABJICHHBIM METOJOM MpPsIMOT0 YHUCASHHOIO MOJAEIUPOBAHUS B
COOTBETCTBHH C OJAHUM BAPHAHTOM OCYIIECTBJICHHSI HACTOSIIEr0 H300peTeHHsL.

[0026] Ha ¢ur. 7 mokazaHna GI0K-CXeMa MPOILIECCA BLIMOJIHEHHS IPSIMOTO YUCIEHHOTO
MOJeTUpOBaHMsI A1s1 00pas3lia COCTABHOIO ILIACTA TAKOro, KaK Moka3aH Ha ¢ur. 6a u 6b, mis
NPUMEHEHUS! COBMECTHO C JUArPAMMaMH KapoTaxka IO METOAY CONPOTUBICHUS U
U3MEPEHUSMH B COOTBETCTBUM C OJHHM BApUAHTOM OCYLIECTBJICHHSI HACTOSLIETO

n300peTeHHUSL.

IHoapo0oHOE pacKpPbITHE HACTOANIEr0 H300PEeTEeHH S

[0027] Hanee Hactosiiee uzoOpeTeHre OyAeT OMUCAHO CO CChUTKAMH Ha BapUAHTHI
€ro OCYIIECTBJIEHHUS, a WMEHHO CIocO0 W CHUCTEMY IOCTPOEHHS MOJENeil TIIHHUCTBIX
MHUHEPAJIOB, B YAaCTHOCTH, I TPUMEHEHHS B KOHTEKCTE TPSMOTO UHCIEHHOTO
MOJIETUPOBAHMSI, TIOCKOJIBKY MPEIoNaraeTcs, uTo HacTosee n3obperenre Oyaer 0COOEHHO
s(p(dexTuBHBIM B 3TOi oOmactu mnpumeHeHus. OTHAKO MPEANOIAraercs, YTO BapUAHTHI
OCYIIIECTBJIEHHS] ~ HACTOSIIEr0  HM300pETEHHUS  MOTYT  ODECTEUNTh  3HAUYUTETHHBIE

OnaronpusTHee 3P (PEKTh U TPSUMYIIECTBA B IIHPOKOM Auana3zoHe 00jacTell mOMUMO TOM,



KOTOpasi ONucaHa B HacTosmeM nokyMeHTe. COOTBETCTBEHHO CleJyeT IOHHMAThb, YTO
HIDKECTEAYIOIee PpacKphITHE MPHUBEACHO MCKIIOUUTENBHO B KauyecTBe IpUMepa U He
OTPaHMYMBAST UCTUHHBIN 00BEM 3asIBJICHHOTO N300peTeHNsI.

[0028] B TeueHue mocCiaeAHUX JET IUIACTBI IJIMHBI U TJMHUCTOrO CJIaHUA 3aHSUIA
BECOMYIO 4acTh B pa3paboTke u no0biue HedTH U raza. Bbuto 0TMEUEHO, YTO HEKOTOPBIE U3
TakuX TJUH CoAep)Kar NMPUMECH 3aMEIleHMs, TAKue KaK aToMbl aTIOMHHHUS, 3aMeIIarolue
aTOMBI KPEMHHSI B KPHCTAIMUECKOH CTPYKType, WA aroMbl MarHusl WIH JKelesa,
3aMeIaIie aTOMBI ATIOMHHHUS B KPUCTAUTMUECKON CTPYKType. Takne KaTHOHHBIE IPUMECH
MEHSIIOT 3apsI0BOE PABHOBECHE KPUCTALTMUECKOW CTPYKTYpPbI LNIMHBI TAKUM 00pa3oMm, UTo
JUISL COXPAHEHHUs] HEUTPATIbHOCTH 3apsiioB HEOOXOAMMBI a1copOMpOBAHHbBIE BHEPEIIETOUHBIE
noHpl. Takme ancopOMpOBaHHBIE BHEPEIISTOUHbIE HMOHBI TNPHCYTCTBYIOT HAa BHEIIHHX
MOBEPXHOCTSIX TJIMHBI M CAMH IO ce0e He SIBIISIOTCS YaCThEO ITHHUCTON CTPYKTYPBL

[0029] Kak ObUTO OmMMCAHO BBIIIE, JHATPAMMBI KAPOTAXKA IO METOAY CONMPOTHBIICHUS
JAIOT BAXHYH HHQOPMALMIO O KOJMYECTBE >KUAKOCTH, OOBEMe >KHUIKOCTH WM IOPOBOM
CTPYKTYpe MoA3eMHBIX IuiactoB. OJHAKO NMPUCYTCTBHE IIMHUCTBIX KOMIIOHEHTOB B ILIACTE
HETraTWBHO CKAa3bIBAETCSI HA OTHOIISHHHM MEXKIY M3yYaeMbIM yIEIbHBIM CONPOTHBISHHEM H
(pU3MUECKUMU CBOICTBAMH, MOCKOJBKY M 3MIHpPUYECKHe, W (U3MUESCKHE ammpOKCHMALUH
XapaKTepUCTUK TJIMHBI HMEKT 3HAUMTENbHBIE HEOompeaeneHHOoCTH. Takum obpa3om
CyIIECTBYeT HEOOXOAMMOCTH B 0Oojee TOYHOM TNOHMMAHHM (U3MUECKHX MEXaHH3MOB,
3a1eiCTBOBAHHBIX B I3MEHEHUH Y AETIbHOH MPOBOIMMOCTH INIMHICTHIX MUHEPAJIOB.

[0030] B cooTBeTcTBMH C BapHAHTAMH OCYILIECTBIEHHs HACTOSIIEro W300peTeHus
MPEJOCTABISIFOTCS MHCTPYMEHTBI M METOJWKHM MOJdydeHHs Oojee TOYHOrO IOHMMAHHMS
(bM3NYecCKNX MEXaHM3MOB, OT KOTOPBIX 3aBHUCST CBOWCTBA TJIMHUCTBIX MHHEpPAIOB B
MOJ3eMHBIX Iu1acTax. bosee Toro, kak OyaeT OMUCaHO HIKE, 3TH WHCTPYMEHTBI U METOIHKH
JAIOT BO3MOXKHOCTH NMPOBOIUTH Oosee MacIITaOHBIA aHATH3 TNTMHOHOCHBIX IUIACTOB Oonee
3¢} EeKTHBHBIM M TOUHBIM CITIOCOOOM.

Aemomamusuposannas cucmema

[0031] B cooTBeTcTBHH C BapHaHTAMH OCYIIECTBIEHHsS HACTOSIIEro H300peTeHus
MPEIOIAraercsl, YTo STH HHCTPYMEHTEI U METOAUKH OyIyT pealn30BaHbl, IO MEHbIIEH Mepe
YACTHUYHO, aBTOMATH3UPOBAHHOW CHCTEMOM, KOTOpasi OyeT YUMTHIBATH XapakTep U MaciTad
TpeOyembIX BbluMcieHuit. Ha ¢ur. 1 mokasaH npumep pealu3alyii OJHOTO BapHaHTA
OCYLIECTBIEHHUS] HACTOSIIEro H300peTeHus B (popMe aBTOMATH3MPOBAHHOW cucTeMbl 20,
BBIMOJHSIIOIIEH ONepanyy, ONKMCAHHBIE B HACTOSINEM pPACKPbITHH, ISl 3 (EeKTHBHOrO

MOJACTUPOBAHMSI CBOMCTB T'JIMHHUCTOI'O MHUHEpaIa, B YaCTHOCTH, C LECIbKO OLCHKU y,Z[eHLHOﬁ



IIPOBOAUMOCTH OJHOI MM HECKOJIBKUX INIHH, & B COOTBETCTBUM C HEKOTOPBIMH BapHAHTAMHU
OCYLIECTBJICHUSI /151 OLIEHKH Y IeIbHONH MPOBOJMMOCTH U IPYTUX METPOPHU3NIECKUX CBOUCTB
oOpasiia TOpHOM MOPOABI, COAEP:KAIEH T[NIMHUCTBIA KOMIIOHEHT, ITOCPEICTBOM IIPSIMOIO
YHCJIEHHOTO MOJETHpPOBaHUs. B cOOTBETCTBUH ¢ 3THM mpuMepoM cucrema 20 MOXKeT OBITh
peatn3oBaHa MOCPEACTBOM KOMIBIOTEPHONH CHCTEMBI, B COCTaB KOTOPOH BXOIHMT padouas
craHuus 21, coenuHenHas ¢ cepsepoM 30 1o ceTh. be3ycnoBHO, XapakTepHasl apXUTEKTypa U
KOHCTPYKIMSI KOMIBIOTEDHOW CHCTEMBI, MNPHUMEHSIEMOM B KOHTEKCTE€ HACTOSILIETO
n300peTeHns, MOXKeT CYILIeCTBEHHO oTinmyatbcs. Hampumep, cuctema 20 MoxeT OBITh
peanu3oBaHa OXHUM (U3HUYECKHM KOMIBIOTEPOM, TAaKUM Kak TPaguLHOHHAs pabouast
CTaHLUSI WIM NEPCOHATBHBI KOMIBIOTEP, WM ANbTEPHATUBHO KOMIBIOTEPHON CHUCTEMOM,
peaTn30BaHHON MOCPEACTBOM pPACIpeeeHHs 0 HeCKOIbKHM (DU3HUSCKUM KOMITBIOTEpaM.
CooTBeTcTBEHHO O0000IIEHHAs apXWUTEKTypa, IMoKazaHHas Ha ¢ur. 1, mnokasaHa
HCKJIIOUUTENBHO B KAUeCTBe IpUMepa.

[0032] Kak mokazaHo Ha ¢ur. 1, a Taiwke kak ObLIO yKa3aHO BbIme, cucrema 20
coxepkut padouyio craniuio 21 u cepsep 30. PaGouas cranius 21 cOmep:KUT LEHTPATbHBIM
mporeccop 25, KOTOpeIi MoAKTIOUeH K cucremHon muHe BUS. Takke k CHCTEMHON mIWHE
BUS nozaxmouen uaTepdeiic 22 BBOAA-BBIBOAA, KOTOPEIA OTHOCHTCS K TeM HMHTep(dercHbIM
pecypcaM, IMOCPEICTBOM KOTOpPBHIX mNepudepuiiHeie (QyHKIMOHATBHBIE 3JEMEHTHl BBOJA-
BBIBOJA (HampuMmep, KJIaBHATYPa, MBI, AUCIUIEH W T. 1) B3aUMOJCHCTBYIOT C IPYTHMH
koMroHeHTamu paboueit cranimu 21. LlenTpasbHbiii mpoueccop 25 Moxer oOpadaThiBaTh
JaHHbIe A1s1 paboueit craniuu 21 u, TakuM 00pa3oM, MOKET OBITh PEANM30BAH OTHUM KU
HeckonbkuMu  stapamu LITT, cxemoii coBmecTHOM o00pabotkum u 1.1 Cneuuduunas
KOHCTPYKIHMSI U BO3MOXKHOCTE IEHTPATBLHOTO Mpoueccopa 25 BeIOpaHa COTJIACHO pabouum
TpeGoBaHusiM paboueil craHiuu 21, KOTOpBIE BKIIOYAIOT, IO MEHBIIEH Mepe, BHINOJHEHUE
(pyHKIMM, OMUCAHHBIX B HACTOSIIEM PACKPBITUU, a TAKKE MPyrux (QyHKIHH, KOTOPBIE MOTYT
ObITh BBIMIOJTHEHBI cuctemoit 20. B apxutextype cuctembl 20 COTIACHO 3TOMY MPUMEPY
CHUCTeMHas mamsTe 24 coeamHeHa ¢ cucremHOH muHONW BUS m mpemocraBisier pecypchbl
namsTd TpeOyeMoro THIa, HCMOJb3yeMble KaKk MaMiITh AAHHBIX U XPAHEHUS! BXOASIIHX
JAHHBIX U Pe3ybTaToB 0OpaOOTKH, BBITOJHSIEMONW LEHTPATLHBIM IPOLECCOPOM 25, a Takke
KaK MpOorpaMMHAas MaMsITk A/l XPAHEHUS MAITUHHBIX KOMAHJ, BBITOJHSEMBIX LIEHTPAIbHBIM
MpoueccopoM 25 BO BpeMs BHITIONHEHHS TakuX (QYHKIHA. Be3yclioBHO, Takash KOMIIOHOBKA
MaMSITH TIPUBEeHA TOIBKO B KaUeCTBe IIpUMepa; ClieqyeT NOHUMATh, YTO CHCTeMHAs TaMsITh
24 MOXKET pealM30BBIBATH TAKYIO MAMSITh JAHHBIX M MPOTPAMMHYIO MAaMSTh B OTAEIbHBIX

pecypcax (puU3HUSCKO MamsITH WIW MOKET OBITh pachpeleseHa LEeJIUKOM WIH YaCTHYHO 32



npenenamu paboueit cranumu 21. Bomee toro, kak mokaszaHo Ha ¢wur. 1, take pabouas
craHiyst 21 MOKET moayvarb OT cucTeMsl 28 hopmupoBaHus n300paxkeHuil uepes uarepdeiic
22 BBOJA-BLIBOJA JAaHHBIE B (hopme 00beMHOro mudpoBoro uzodpakeHust 0Opasua 28 ropHoit
MOPOJBI, TONTYyUYEHHbIE OT JATYMKOB M MpeoOpasoBareneli, pa3sBepHYTHIX B CKBLKHHAX HA
TEPPUTOPUN MECTOPOKIASHUs. Takue BXOJHbIE JaHHbIE M3MEPEHHM MOTYT XPaHUTHCS B
pecypce mamMsiTH, K KotopoMmy padouast craHims 21 MOXeT moiaydars JOCTYI JUOO JTOKATBHO,
0o yepe3 ceTeBoii uHTEpdeiic 26.

[0033] CereBoii wuHTepdetic 26 paboueit craHumu 21 mnpencrasiasier coOoi
TPAAUIIMOHHBIN WHTepdelic Win aianTep, ¢ MOMOMIBI KOTOporo pabouas craHims 21
MOJTy4aeT JOCTYII K CeTeBBIM pecypcam mo cetd. Kak nokaszaHo Ha ¢wur. 1, cereBble pecypcsl,
K KOTOPBIM pabouas cradims 21 moaydaeT JOCTYI uepe3 CEeTeBoi uuTepdelic 26, BKIIOYAIOT
cepeep 30, pacmooKEHHBbIA B JIOKAIBHOW CETH WIM B TIJI00ATbHOM CeTH, TaKkod Kak
HUHTpaceTh, BUPTYATbHAS YACTHAS CETh, WM B MIHTEpHETe, U K KOTOpoMy pabouast craHuus 21
MOJMy4YaeT AOCTYN 4epe3 OAHY M3 TaKHUX CETEBbIX KOMIIOHOBOK M COOTBETCTBYIOLINE
NPOBOJHBIE WM OECIPOBOJHBIE (WK U TO U APYTO€) CPEACTBA CBSI3H. B cooTBeTCcTBHH C 3THM
BapHAHTOM OCYyIIeCcTBAeHus cepBep 30 mpeactaBisieT COOOM KOMIBIOTEPHYIO CHCTEMY
TPaIULUOHHONW ApPXUTEKTYphl, AHAJOTMYHON B 0OIeM cMbICIe apXurektype paboueit
cranimu 21, u, TakuM 06pa3oM, COAEPKHUT OJUH WA HECKOIBKO HEHTPATIBHBIX IMPOLIECCOPOB,
CHCTeMHBIX IIMH, PECYpCOB MaMATH, (yHKIHOHATBHBIX JIEMEHTOB CeTeBoro murepdeiica u
T. . B COOTBETCTBUU C 3THM BapUAHTOM OCYILECTBJIESHHS! HACTOSIIErO U300PETEHUs CepBep
30 coeanHeH ¢ MPOrpaMMHON NaMsTEIO 34, KOTOpasi IpeACTaBIsieT cOO0H MAaIIMHOYATASMBIH
HOCHTENb, HA KOTOPOM XPAHSTCS BBITOIHSEMBbIE KOMIIBIOTEPOM MPOrPaMMHBIE KOMaHJBL, B
COOTBETCTBHH C KOTOpPbIMH cucTeMa 20 aHanm3a BBIIOJNHSIET ONEpAallH, OMNMCAHHBIE B
HACTOSIIEM PaCKPBITHH. B cooTBEeTCTBHMH C DTHM BAPHUAHTOM OCYIHECTBJICHUSI HACTOSIIIETO
n300peTeHns 3T KOMIBIOTEpHBIE MPOTrpaMMHBIE KOMAHABI BBIOJTHAIOTCS cepBepoM 30,
HampuMep, B (opMe MHTEpaKTHBHOTO HPHJIOKEHHMsS IOCHIE BBOAA JAHHBIX, IEPEJAHHBIX OT
pabouei cranimu 21, Ui CO3AaHMSI BBIXOAHBIX JAHHBIX U PE3YJIbTATOB, IEPEAABACMBIX HA
pabouyio cranmmoo 21 1as oToOpakeHHS WM BBIBOJA TOCPEACTBOM HepudepHitHbIX
YCTPOHCTB BBOJA-BBIBOAA B (popme, ya0OHOM 1uist moms3oBarens paboueit craHumu 21. Bonee
Toro, cepsep 30 (1, BO3MOXKHO, pabGouast craHims 21 mo JOKaIbHON WK TOOANBHON CeTH)
uMeeT IOCTyn K Oubnuoreke 32, B KOTOPOM XpaHUTCS apXuUBHAs WIM CIPABOYHAS
uHopmanmst, koTopass MoXKeT mMoHanoOutecst cucteme 20. Bubmmoreka 32 Moxker
HaAXOoaUuThCA B ,Z[perﬁ JIOKAJTBHOI CCTHU, WK AIBTCPHATUBHO K HEel MOXKHO nojy4daTrb AOCTYIL

yepe3 MHTEpHET Mim Ipyryo riodansHyIo ceThb. [Ipeanonaraercs, 4ro 1ocTyn K 6bubnmorexe
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32 takKe MOTYT MOy4aTh APYTUE CBSI3AHHBIE KOMIBIOTEPHI B 00l ceTh.

[0034] BesycnoBHO, criemupUUHBIA pecypc HaMsTH WIH PACIIONOKEHHE, B KOTOPOM
(hU3MYUECKU HAXOAATCS Pe3yNbTaThl U3MEPEHHiA, OnbanoTeka 32 ¥ mporpaMMHas namste 34,
MOIyT 6I:ITI> PeATN30BAHEI B PA3IMYHBIX MECTOIIOJIOKCHUSX, K KOTOPBIM YV CUCTEMBI 20 ecTh
JAOCTYIL HaHpI/IMep, TAKHEC JAHHBIC U IPOrpaMMHBIC KOMAHIABI MOTYT XPAHUTBHCS B JTOKAJTBHBIX
pecypcax maMsTu Ha pabouei cranuuu 21, cepsepe 30 WK B TOCTYIHBIX MO CETH IS 3TUX
¢byHKImit pecypcax namsati. boiee Toro, kak U3BECTHO B YPOBHE TEXHHKH, BCE 3TH JAHHBIE H
peCYypChl MPOrpaMMHOM MaMSITH caMU MO ce0e MOTyT ObITh paclpeaeieHbl BO MHOMKECTBE
Mecromonoxenuil. [Ipexnonaraercs, 4To CHEHHUANTUCTBI B OONACTH TEXHUKU HACTOSILETO
n3obperennss Oe3 TpyJa CMOTYT pPeajn30BaTh XPAHSHHE W W3BJICUSHHE MPUMEHUMBIX
PE3yILTaTOB H3MEPEHHIT, MOIEIeH U APy roi HHGOPMALIUK, HCITOIb3YEMOM B KOHTEKCTE ITOI0
BapHAHTa OCYLIECTBICHHS HACTOSILEr0 M300pETEHHs, MOAXOISIINM 00pa3oM sl KaKIOro
KOHKPETHOI'O NPUMCHCHUSI.

[0035] B coorBeTcTBHHU C 3TUM BapUAHTOM OCYLIECTBICHHS HACTOSIIEr0 H300peTeH s
B KayeCTBe IpuMepa B CUCTEMHOH mamsTéd 24 W B NmporpaMMHOM mamsith 34 XpaHsiTcs
MAlIMHHbIE KOMAaHMBI, BBIIOJHSIEMBIE LIEHTPAJIbHBIM IporeccopoM 25 u cepsepom 30,
COOTBETCTBEHHO, IJISl BBIMOJHEHHUS! (PYHKUMI, OMUCAHHBIX B HACTOSIIEM PACKPBITHH. OTH
MAIMHHBIE KOMAaHIbl MOTYT OBITH HpeacTaBieHsl B (JopMe OJHOW HIM HECKOIbKHX
BBIIOJTHSIEMBIX TPOTPaMM I B (popMe MCXOTHOTO KOJa W BBICOKOYPOBHEBOTO KOAA, U3
KOTOPBIX TMOJyYeHBl, COOpaHbl, WHTEPNPETHPOBAHBI WM CKOMITWIUPOBAHBI OIHA WM
HECKOJIBKO BBIINIOJIHAEMBIX TIPOrpaMM. MOo:XHO HCIIOJIB30BATh .]'IIO6OI\/'I U3 HECKOJBbKHX
MAIIMHHBIX SI3BIKOB WJIM TPOTOKOJIIOB B 3aBUCHMOCTH OT TOTO, KakuM o0pa3oM IOKHBI
BBINONHSATECS TpeOyemble omeparmu. Hampumep, 3TH MaIIMHHBIE KOMAaHIBI TSI CO3JAHUS
MoA€au B COOTBETCTBHUM C BapuaHTaMU OCYIICCTBJICHHSI HaCTOSLIETrO 1/1306peTeH1/1$1 MOIryT
OBITh 3aNKCAHBI HA TPAAULIMOHHOM BBICOKOYPOBHEBOM si3bike, TakoM kak JAVA, FORTRAN
unmn C++, WM Kak TPaaUIMOHHAS JHHEHHAs KOMIBIOTEPHAs NMPOrpaMma, WM MOTYT OBIThH
NpeIHA3HAYSHB! U1l BBINOJHEHHS OOBEKTHO-OPHEHTHPOBAHHBIM METOAOM. OTH KOMAaHIbI
TAaKXKE€ MOIryT 6I>ITI> BOILUIOIICHBEI B BBICOKOYPOBHCBOM IIPHUJIOKCHUH. Boiee KOHKPETHO,
MPEIoIaraercs, 4YTo MOJASIUPOBAHNE CBOMCTB MOA3EMHOr0 oObeMa MOXeT OBbITh YACTUYHO
BBIMIOJTHEHO CPEACTBAMU KOMIBIOTEPHOTO MNPOTPAMMHOIO TNPHIOKEHUS HWINM MaKeTa s
MOJENHUPOBAHUS, TAKOTO KaK MaKeT KOMINBIOTEPHBIX MPOrpamMM MOJEKYJSIPHOH JUHAMHKH
«MacmraOHbIi aTOMHBII/MOIEKYISIPHBIA MACCHBHO-TIApALIenbHEI cumyastop» (LAMMPS)
kommannu «Canguiickue HauuoOHATBHBIE 1a00paToOpum», HCIOIAB3Y S ISl 3TOro 0000IEHHY 10

MOJCIbE CHJIOBOr'O IOJsl, MOAXOIAIIYI IJIsI MOJCKYJISIPHOrO MOACIHPOBAHUS, MPHUMEPOM
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koroporo siBasiercsst moaeab CLAYFF, onucannas B mokymMenTe moa aBropcteom Cygan et al.,
«Molecular Models of Hydroxide, Oxyhidroxide, and Clay Phases and the Development of a
General Force Field», J. Phys. Chem. B, Vol. 108 (2004), crp. 1255-1266, BKIFOUEHHOM B
HACTOSIIIUIA JTOKYMEHT MOCPEICTBOM CCBUIKA. B Jr000M ciydyae mpenmosiaraercs, 4ro
CIIeLUaJIUNCTHI B O6J'I8,CTI/I TEXHHUKHU HACTOMAIICTO I/1306peTeHI/I$[, IpoYTA HACTOAIICS PACKPBITUEC,
cMoryT 0e3 Tpyaa W 0e3 HEHYXHBIX DSKCIIEPUMEHTOB pealn30BaTb 3TOT BapPUAHT
OCYIIECTBIEHUS] HACTOSIIEr0 M300pPETEHHUs TOIKHBIM 00pazoM Iist TpeOyeMbIX YCTaHOBOK.
Taxue BBINTOJIHSICMBIC KOMITBIOTCPHBIC nporpaMmbl JUIST BBIITOJTHECHU ST BAPUAHTOB
OCYLIECTBICHUS] HACTOSILEr0 M300peTeHHss MOTYT OBITb YCTaHOBIEHBI B cucreme 20 Kak
pesuaeHTHBIE, KaK ObUIO ONMCAHO BHINIE, WIH AITBTEPHATHBHO MOTIYT OBITH BBHINOJHEHBI B
¢dbopMe BBIMONHAEMOro BEO-TPIIOKEHHS, JOCTYIMHOro sl cepeepa 30 M KIMEHTCKUX
KOMITBIOTEPHBIX CHCTEM, TAKHUX KakK pa60qa51 CTaHIIuA 21, AL MOJIYUCHHSI BXOAHBIX JAaHHBIX
OT KJIMEHTCKON CHUCTEMbI, BBIIOJHEHHUsS MOAYJEH anropuTMoB Ha BeO-cepBepe U
MPEJOCTABICHUS! KJIHMEHTCKOM CHCTEME BBIXOAHBIX JaHHBIX B HEKOTOPOH yIoOHOM
orobpakaeMoii WM medaTtHoil (opme. ANBTEPHATHBHO 3TH BBHIIOJTHSIEMBIE KOMIBIOTEPOM
MpOrpaMMHBIe KOMaHIbl MOTYT HaXOJUTBCS B IPYTOM MECTE JIOKAJIBHOW WIH TI00aTBHOM
CeTH WM MOTYT OBITb CKAaYaHBbI C BHICOKOYPOBHEBBIX CEPBEPOB WIH PACIHONOKEHHUN B BHIE
3ammpoBaHHOW HMH(POpPMALUK HAa SJIEKTPOMATHUTHOM HECYILIEM CUTHAIE uepe3 HEeKui
cereBoii mHTep(delic HIM YCTPOHCTBO BBOJAA-BBHIBOAA. BBIIOIHSEMBIE KOMIIBIOTEPOM
nporpaMMHBIE KOMaHAbI MOTYT 6]:ITI> HU3HAYAJIbHO COXPAaHCHbBI Ha CBEMHOM HWIH APYTrOM
SHEProHe3aBUCHMOM MAIIMHOYHTAEMOM HOCHTENe NaHHbIX (Hampumep, DVD-awucke, duem-
maMsiTH M T. 1) WIK MOryT ObITb CKauaHsl B BHAE 3aummdpoBaHHOM wuHpOpMarmu Ha
SNIEKTPOMArHWUTHOM HeCcylleM CHrHate B (opMe NporpaMMHOTO MakeTra, C KOTOPOro
BBIIIOJIHACMBIC KOMIIBIOTCPOM IIPOrpaMMHBIC KOMAaHIbI 6I>IJ'II/I TpaaTuIUOHHBIM CHOC06OM
YCTaHOBJIEHBI CUCTEMOU 20 17151 yCTAHOBKU IMPOrPAMMBL.

Oyenka UOHHOTI NPOBOOUMOCIU 2TIUHUCINO20 MUHEPALA

[0036] Ha ¢ur. 2 mnoxazan oOmuit mpuHOmn paboTel cucteMbl 20 BO BpeMs
MOACIHUpOBaHUsI JIsT OLICHKH y,Z[e.]'[I:HOI\/'I MMPOBOAUMOCTH MOIACINU CUCTEMBbI TJIMHUCTBIX
MHHEpAJIOB, KaK MMPaBIIo, COOTBETCTBYIOLIEH KOMIIOHEHTY M3y4aeMoro Mo 3eMHOro IUIacTa,
B pa3seake W A00pue Heh)TH W ras3a B COOTBETCTBHU C OJHUM BAPHAHTOM OCYILECTBJICHHS
Hacrosimero m3oOperenust. Kak ObUTO yKka3aHO BBINIE, MPEANONATAETCS, UYTO PA3TAUHBIE
cragun u q)YHKLII/II/I 3TOro mpounecca MOryrt 6I:ITI> BBIIIOJJTHEHbI OAHHUM HJIN HECKOJbKHUMH
BBIUYUCIUTE/IBHBIMHA pECYyPCaMu B CUCTEME 20, BI:IHOJIHSIIOLLIGﬁ KOMITBIOTEPHBIC MMPOTrPAMMHBIC

KOMAaHABI, HAXOSIIITUECCS B Z[OCTyrIHOfI HpOFpaMMHOfI naMsTu, B COOTBETCTBHH C BBOJUMBIMHA
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B COOTBETCTBYIOIIMX CJIy4YasX IOJb30oBareleM JIaHHbIMH. Kak ObU1o yKa3aHO BBIIIE,
npeamoaaraercs, 4yro cucrema 20 OyJer 3anporpaMMHAPOBAHA B COOTBETCTBUH C BAPUAHTAMHU
OCYIIECTBJICHHS] HACTOSIIEr0 N300PETEHNS C TOMOIIBIO KOMITBIOTEPHBIX MPOrpaMM, KOTOPBIE,
B CJlyuae BBIMOJHEHUS! BBIUMCIHTENBLHBIME pecypcamu B cucTeme 20, OyIyT BBIMOJHSTH
pa3nuyHbIe IPOIECCHI, OMMCAHHBIE B HACTOSIIIEM PACKPBITHH, Al MOJSIUPOBAHUS Y AETIbHOM
MIPOBOAUMOCTH CHCTEM T[JIMHUCTBIX MHHEPATIOB B COOTBETCTBHH CO 3HAUEHHUSIMH U
COOTHOILICHUSIMU PA3TUYHBIX (PU3HUSCKUX MapaMeTpoB.

[0037] XOTs B IPUBEJSHHOM JAJIe€ PACKPBITUU MPUBOJUTCSI IPUMED 3TOH ONEpaLyH,
BBIMOJTHSIEMOM Ha padoueli craniuu 21 B ceTe€BOM KOMIMOHOBKE cUCTeMbl 20, TIOKa3aHHOM Ha
¢ur. 1, pazymeercs, cieayer MOHHMATb, YTO KOHKPETHBIH BBIYACIUTENBHBIN KOMIIOHEHT,
WCIOIB3Y€MBIH JJIS1 BBITOJTHEHUSI KOHKPETHOW ONEpalyy, MOKET CYLHIECTBEHHO OTJINYATHCS B
3aBUCHMOCTH OT peaju3alud cucTeMbl. Takum oOpa3oM, MpHUBEIEHHOE Jajiee PaCKpPhITHE HE
SIBISIETCS. OTPAHUYMBAIOIIAM, B YACTHOCTH, B OTHOLIGHWH OOO3HAYECHHS! KOMIIOHEHTOB,
3aeHCTBOBAHHBIX B KOHKpeTHOH omeparmu. CleaoBaTenbHO, MPEANoNaraercs, 4ro Mmocie
NPOYTEHHs] HACTOSIIIETO PACKPBITUS CHeNUAIHCTaM B OOJACTH TEXHHWKH HACTOSIIEro
M300peTeHns CTaHeT WOHSTEH CHoco0, KOTOPBIM JTH Omepalud OyAyT BBIIOTHSATHCS
BBIUMCIUTENBHBIME PECYPCAMH B PA3NUYHBIX PEATH3AIMSIX M BApHAHTAX OCYIECTBICHUS.
CrnenoBaTenpHO NPEANIONAraeTcs, 4YTO YIOMHMHAHHUS BBIIOIHEHUS KOHKPETHBIX ONeparui
cucremoit 20 Oyaer XOCTATOYHO ISl TOrO, YTOOBI CHELMAIUCTHI B O0JACTH TEXHHKH
HACTOSIIETr0 H300peTeHus] MOIJIH O3 TPy Ia pealn30BaTh €ro BapUAHTBI OCYIIECTBIEHHS Oe3
HEHYKHBIX SKCIIEPUMEHTOB.

[0038] Kak mokazaHo Ha ¢ur. 2, HayaJpbHOH CTaauell OLEHKU YISTbHOM
MPOBOAUMOCTH CHCTEMBI TIJIMHHCTBIX MHHEPATIOB B COOTBETCTBUM C BapHAHTAMHU
OCYLIECTBJIEHHUS] HACTOSIIEr0 H300pPETeHUs SIBISETCS MOCTPOSHHE MOJIEKYJISIPHOU MOJeH
cuctemMbl TIiauHbBl B npouecce 40. B paMkax HaACTOSINEr0 PacKpbITHS TEPMUH
«MOJIEKY JISIPHBII», HCIOJAB3YEMbIA B KOHTEKCTE MOJEIEH CUCTEM IJIMHBI U OLEHKH YAENbHOU
MPOBOAUMOCTH, B HACTOSIIEM PACKPBITHH O3HAYAET MOAETH W IMPOLIECCHl MOAEIUPOBAHHUS, B
KOTOPBIX NPEACTABJICHBI OTEIbHBIE ATOMBI, HOHBI I MOJIEKYJIBL, B TAKOM KOHTEKCTE TePMUH
«MOJIEKYJISIPHBII» BKIIOUAET OCOOBIE BHBI ATOMOB H HOHOB, & TAICKE MOJIEKY L.

[0039] Ha ¢ur. 3 u 4a—4g noapoOHO mMOKa3aHO BBINONHEHHE mpouecca 40
MOCTPOEHUST MOJIEKY IIPHON MOJEIN CHCTEMBI NIMHUCTBIX MHUHEPATOB, CMOACTHPOBAHHOW B
COOTBETCTBHHU C OJHHUM BAapHAHTOM OCYLIECTBJIEHHs HacTosmero usodperenus. [Ipomecc 40
MOCTPOESHUSI HAUMHAETCS C BBITONHEHUS cTaauu 50, COrIacHO KOTOPOI CTPOSIT aHATOTUYHY IO

0e3BOMHYIO TJIWMHHUCTYH) CTPYKTYPY, B 3TOM MpHMEPe BBLINOIHEHHYK) B COOTBETCTBHU C
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MOJIETIBIO dJIEMEHTApHON stuelku. Takylo aHATOTHUHYI0 O€3BOMHYIO IIIHMHUCTYHO CTPYKTYPY
CTPOSIT C LEeNbI0 BOCCO3JaHuUs aTpuOyTOB MOACIHMPYEMOH CUCTEMbI TJIMHUCTBIX MUHEPATIOB.

[0040] Ha ¢wur. 4a mokazaH mpuMep TaKOW aHANOTMYHOW OEe3BOTHOM TIJIMHBL, HA
OCHOBaHMHM KOTOPOU OyJer MOCTpOeHa MOJeNb CMEKTUTOBOM (pa30yxaroiieif) IuHbI B
COOTBETCTBUU € 5TUM BAPUAHTOM OCYHICCTBJICHUSA HACTOSIICTO I/1306peTeHI/I$I. Awnanoruunas
[TIMHA, TOKa3aHHAas Ha (ur. 4a, OCHOBaHA HA MYCKOBHUTE, KOTOPBI mHpeacTaBiser coOoit
AQHATOTUYHYIO TJIMHY MO8 MOJETAPYEMOH CMEKTUTOBOM TIJHMHBL MyYCKOBHUT SIBISIETCS
ATIOMOCHINKATOM CJIOMCTOIO CTPOSHMSI CO CTPYKTYPOH 2-1, TO ecTh Kaxaplil C1oH 65 INIMHBL
COCTOHUT u3 ABYX JJUCTOB KPEMHUECBBIX  TCTPasApPOB 110 066 CTOPOHBI  JTUCTaA
ATIOMOTHIPOKCHIBHOTO OKTa3Japa (Janee — JUCT aTiOMUHHEBOro okTa’npa). CoriacHo
3TOMY MHpPUMEpY TaKyl CTPYKTYPY MYCKOBHTa MOIU(DHULMPYIOT, YIalsisl WOHBI Kauws M3
OKTa3APAJIBHOI'O JIUCTA U 3aMCHSISI aTOMBI aTIOMUHUSI B TCTPASAPHUUYCCKUX JTUCTaX aToOMaMH
KpeMHHUS.. 3apsii TakoW CTPYKTYPbl OCTaeTcsl HeHTpaabHBIM U B ee 0Oe3BOAHOW (opme
obOpazyer crpykrypy mmpodummToBoii rimHbL Ha ¢ur. 4a mnokazaHa cCTpykTypa
MUPOQUILIUTOBOMN TVIMHEI TS YYACTKOB Mapbl MapalIENbHBIX TJIHHACTBIX CJI0EB 65, KaKIBIA
U3 KOTOPBIA COAEPXKHUT JBAa KpeMHHEBBIX Jucta 60 1o 00e CTOPOHBI OAHOrO Jucra 62
ATIOMHHHEBOr0 oktadapa. Ha ¢ur. 4a mokazaHa smeMeHrapHas sueiika 64, Koropas
BBITOJHSIET (PYHKUMIO OCHOBBI JUISS MOJEIUW TaKOW CHCTEMBl TJIMHHUCTBIX MHHEpPAIOB;
XuMudeckas (Gopmysa dIeMeHTapHOW sueiiku 64 B COOTBETCTBHH C OTHM TMPHMEPOM
BBINJISLAUT cienytoum oopazom: Si8AI4020(0OH)4. Aromsr amomunust (Al), kuciaopoga (O),
Bogopoaa (H) u kpemuus (Si) B Moaenu mupOPUILTUTOBOM MIMHBI 0003HAUEHBI Ha ¢ur. 4a.
W3 mpumepa coriacHo ¢ur. 4a OueBHIHBIM 00Pa30M BBITEKAET, UTO MAPAIEIBHEIE CJI0U 65
pasmeneHbl MexIy COOONH MEXCIOWHBIM MPOCTPAHCTBOM 63 (T.e. TYHHEJIbHBIM
MPOCTPAHCTBOM MEXKAY CIOSIMH 65 B CTPYKTYpe), Kak OyJeT OMHUCAHO HIDKE, THIPaTaIHs
TAKOW TVIMHUCTON CTPYKTYpBI MpHuBeneT K HaOyXaHuio oObeMa TJIHHBI, MOCKOJBKY B 3TOM
MEXKCJIOHHOM IIPOCTPAHCTBE 63 MEXKAY YKA3AHHBIMU NAPAUICIBHBIMU CIOSIMU 65 CTPYKTYDBI
OyIeT HaxOAUTHCS OIUH WM HECKOJIBKO CJI0EB BOJIBL.

[0041] Ha ¢ur. 4b mnokazaHa CcTpyKTypa OJJ€MEHTApHOW SYelKd Japyroro
AHAJIOTMYHOTO MIMHUCTOrO0 MUHEpaia, a IMEHHO KaoanHuTa. KaomuHur npencrasnser coboi
[JHHY €O CTpyKTypoii 1-1, B KOTOpOH cioit 65° (u, ciaenoBaTeNnbHO, dEMEHTapHas sueiika
64') TTUHEBI COIEPIKUT OJMH KPEMHUEBBIN JTUCT 60 ¥ OJMH JHUCT 62 ATIOMHUHHEBOT'O OKTadpa.
%3 YPOBHS TEXHUKH H3BECTHO, UYTO KAOJIMHUT HE SBJISICTCS CMEKTUTOBOH TJIMHON (T. €. HC
o0nagaeT TMOCTOSIHHBIM OTPULATENBHBIM 3apsIoM CTPYKTYpBI), TOXTOMY B ClIydae

ruaparanun He Oyzaer pasOyxare Mexay ciaosmu 65'. 3meck kpast (T. € KOHIIBI)
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KAOMMHHUTOBBIX CJIOEB 65' SBISIOTCS PEaKUUOHHOCHOCOOHBIMH, IOITOMY MPEACTABISIOT
co00ii YUaCTKH B3aUMOJIEHCTBHS C MOJIEKYJIAMUA MAC/a U BOIBL

[0042] IMpenmonaraercsi, 4YTO TaKUe€ BapUAHTbl OCYLIECTBJCHUSI HACTOSILErO
M300peTeHnsT MOJKHO HCIIOIB30BATh TSl MOJETHPOBAHHS VIESTBHON MPOBOJUMOCTH B 3TUX H
JPYyTUX TJIUHUCTBIX CTPYKTypax. B pamkax HacTOSILEro pacKphITHUSI INIMHUCTAs CTPYKTYPA,
nokazanHasl Ha Qur. 4a, Oyzer onmcaHa kak npumep. [Ipenmonaraercs, 4YTo CHEUATHCTHI B
00NacTi TeXHWKHM HACTOSIIEr0 W300peTeHHs, M3yUMB HACTOSIIMN JOKYMEHT, CMOryT Oe3
Tpyaa HIPUMCHHTH CHOCO6I:I 1 CHCTCMBbI, OIMHMCAHHBIC 3ACChb, HE an6era51 K HEHYKHBIM
SKCIEpUMEHTaM, K KaoJMHWUTHON TIiiMHe, moka3zaHHoW Ha ¢ur. 4b, w K JApyrum
HWHTEPECY IOLLUM UX TJIMHAM.

[0043] Kak mokazaHo Ha (ur. 3, ¥ COrIACHO TOMY BAPHAHTY OCYIIECTBIEHUS, IOCTIE
o0pa3oBaHusI CTPYKTYPBI dJIEMEHTApHOMU stueliku B mpouecce 40, mepexoasT K BBIIOTHEHUIO
craguu 51 Asst OpTOrOHANU3ALUYN TAKOH 3JIEMEHTAPHOU sTueiiku 64 B PEryJISIPHYIO CTPYKTYDY,
rAe KaKIOMY aroMy HAa3HA4eHbl KOOPAWHATHI ISl ONpENENeHHs] WX IONOXKEHHS B
koopauHaTHOM cucreme. Cramust 51  opToroHanM3alMM HE SBISETCS 00SI3aTeIbHOM,
MTOCKOJIBKY TOCHIEYIONINe CTaaid MOICTHPOBAHHS, ONMHMCAHHBIE B HACTOSIIEM IOKYMEHTE,
MOKHO TPUMEHHTh K CUCTEME MHHEPAa ¢ MCXOJIHON CHMMETPHEN CTPYKTYpHI (T. €. KOTOpast
MOXET OBITb HE OPTOTrOHAIBRHOI). OJHAKO MPEANONAraeTcs, 4To Mmociaeayromas odpadorka
Oyner >pdexTrBHEE HA CHCTEMAX C OPTOrOHAIBLHOM MOJEIBIO, MMOJYUYEHHONW HA craguu S1.
Tloce OpTOTrOHATU3AlINH, BBIMTOJTHEHHOH B COOTBETCTBHH C 3THM BAPUAHTOM OCYILIECTBJICHUS,
Ha craguud 52 DJ3AeMEHTapHyK siuelky 64 pa3BopauuBarOT B CBepxXbsueliky. Takas
CBEpXbsIUeliKa, CO3NaHHAs Ha CTaxud 52, 00pa3oBaHa U3 Psia TAKUX HIIEMEHTAPHBIX sTueek 64,
a ee pasMep JOCTAaTOYHBIN JJISI BBINOJHEHHUS! ONMMCAHHBIX B HACTOSIIEM JOKYMEHTE CTaauil
MonenupoBanusi. Hampumep, siaeMeHTapHyio siueiiky 64 cormacHo ¢Qur. 4a  MOKHO
Pa3BEepHYTh Ha CTAIuU 52 B CBEPXBSUCHKY U3 IISCTUAECCSITH YETHIPEX JIEMEHTAPHBIX SUCEK,
PaCIONIOKEeHHBIX B KOH(purypamuu 8 x 4 X 2 B HaNMPaBJIEHUSIX X, Y U Z (B COOTBETCTBUU C
opueHTauuell ¢ur. 4a), COOTBETCTBEHHO. KOMNUeCTBO MOBTOPEHUIA dlIeMEHTAPHON SUeiiKi B
KaKIOM HaIPaBJICHHUU MOXKET, KOHEYHO KE, 6]>IT}: APyrumM B 3aBUCUMOCTHU OT Tpe6OBaHPII>'I
MoJenupoBaHus.. Kaxxgomy aroMy B NpeICTaBICHHHM CBEpXbsueiiku OyAyT NPHCBOEHBI
KOOPAMHATEI, ONUCHIBAIOIIHE €ro MOJ0KEHHE B KOOPAUHATHOH CHCTEME.

[0044] B coOoTBETCTBHHU C 3TUM BAPUAHTOM OCYLIECTBIEHHUS HACTOSILNETO H300peTEH S
Ha cTagud 54 HWOHBI BBIOPAHHOTO BHIA MOJCTABISIIOT B CTPYKTYPY CBEPXbSUelKd B
COOTBETCTBHHU C TpedyeMOH IUIOTHOCTBIO 3apsiia MOJEeIHpyeMol IIHHBL B cooTBercTBUm C

OTHM  BapuUaHTOM OCYIIECTBIIEHHS HACTOSIIET0  HM300peTeHus! MOJAETUPYIOT
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MOHTMOPU/VIOHUTOBYKO CMEKTUTOBYIO TJIMHY. Taxum 06pa30M, HOHBI MAar”Husd 3aMEeIaroT
HOHBl ATIOMUHUSI B OKTa3JpaIbHOM JHUCTE 62 CTPYKTYPBI CBEPXBSUEHKH, KAK MPABUIO
crydaiiHeiM 00pa3oM. B ypoBHe TeXHHKHM W3BECTHO, UTO 3apsa HOHOB MarHus (Mg2+)
OTJIMYAETCS OT 3apsiga 3aMelaecMbix HOHOB amomubus (Al3+), B pe3ynbTare uero B Mecrax
pacmojOKeHus] B CBEpXbsiUeiike MOHOB MAarHusl OOpa3yloTCs YYacTKA C OTPHLATEIbHBIM
sapsmoM. Ha ¢ur. 4c m 4d mokaszaHsl mpuMepbl CBEPXbSUeeK MOHTMOPHUIOHHTOBOM
CMEKTHTOBOH TJIMHBI, OCHOBAHHBIE HA CTPYKTYpPE COTTTacHO (ur. 4a, B KOTOPBHIX HOHBI MAarHUSI
3aMeIarT B CﬂyqaﬁHOM IMOPSIAKS HWOHBI ATIOMHUHHSI IIPU ABYX PAa3HBIX KOHLCHTPALUIX
3apsiaa; Ha ¢ur. 4c u 4d moka3aHbl BUABI B TUIAHE OTHOCUTEIBHO CEUSHHUS BUA COTTIACHO (DHT.
4a, MO3TOMY MEXKCIOWHOE NMPOCTPAHCTBO 63 MEXIy NapATIENbHBIMUA CIOSMHU TJHHBI HE
BUIHO. HecMOTps Ha TO, UTO pa3MelIeHne 3THX 3aMEIEHHBIX HOHOB SIBIISETCS CIy4YailHbIM,
Takoe pachoJOKeHHe Jydlle KOHTPOJIMPOBaTh, YTOOBI MPenoTBPaTHTh 0Opa3oBaHHE
B3auMmozelicTeusl Ommwkalmmx coceneir Mg—O-Mg. Ha ¢ur. 4c mnokazaH mnpumep
OTHOCHUTETBHO HM3KOTO 3apsia, MPUUYEM YUCTas IJIOTHOCTh 3apsiia CBEPXbsUSHKH Mocie
craquu 54 3amemieHust cocraeiaseT -0,375¢ Ha 3AEMEHTapHYKO slUelKy, Tae €—
3JIEMEHTapHBIN 3apsi] 3JIEKTPOHA;, YUACTKU 66 C OTPULATEIbHBIM 3apsIOM MOKAa3aHbl HA 3TOU
¢ur. 4c B MecTax, COOTBETCTBYIOLIUX MECTaM PACIONIOKEHHUS! 3aMEIAIONINX HOHOB MarHHsI.
Ha ¢ur. 4d nokazaH mnpuMep BBICOKOTO 3apsiia, NPHUEM 4YHCTAsl IUIOTHOCTH 3apsja
cBepxbsiueiiky nocie craguu 54 3amemenust coctasisier -0,750e Ha 3JI€MEHTapHYIO sSUeiiky,
YTO B JBa pa3a 0oJbLIe IITOTHOCTH YYACTKOB 66 C OTPHLATETBHBIM 3apsI0M, KaK U B IPUMeEpe
cormacHo (ur. 4¢. Takxke B pamMkax ctaauu 54 MOHHOTO 3aMEILISHHSI MOJAETb CBEPXbSIUSHKU
JONOJHUTEIBHO MOJU(DHUIIUPYIOT MOCPEACTBOM BCTABKH NPOTHBOMOHOB B OOJACTh MEXKAY
COSIMH, YTOOBI CBepXbsueiika HMeNa HeWTpalbHBIA 3apsd. B COOTBETCTBHHM C OSTHM
npuMEpPoOM HUCIIOJB3YIOT IPOTUBOMOHBI HATpUsi WIX TMPOTHUBOUOHBI KalbLUsl, XOTsI
AIBTCPHATUBHO MOXHO HUCIOJIB30BATH NPOTUBOUOHBI APYTUX BHUOOB. B npumMepax CorjaiaCcHo
¢ur. 4c n 4d (1. e. ¢ pa3HOH IUIOTHOCTBHIO 3apsiAa) XuMHUeckue (POPMYJIBI JIEMEHTAPHOM
SMENKY, MOody4yaeMod Ha ctaaud 54 ¢ UCHOJB30BAHUEM NPOTUBOMOHOB HATPHUSL, BBITJISLASIT
CIIE Y IOIIIM oOpa3zomM: Na0.375Si18Al13.625Mg0.375020(0OH)4 u
Na0.75Si8Al3.25Mg0.75020(0H)4, nmns  3apsma  HHU3KOM M BBICOKOW — IJIOTHOCTH
COOTBETCTBEHHO.

[0045] Ha cragun 56 CTPYKTypy MOJAEIU CBEPXBSUSHKU IIIMHBI THAPATUPYIOT, BBOAS
MOJIEKYJIBI BOJBI B MEXKCIOHHOE IPOCTPAHCTBO MEKIYy CJIOSMH TJIMHBI B CTPYKType
cBepxbsuelikn. Hanpumep, B CTPYKType MOHTMOPHJUIOHUTOBOW INIMHBI COTJIacHO ¢ur. 4a Ha

craguu 56 ruapaTanusl CJIOU INIMHBL CO CTPYKTYpOH 2-1 pasmesistoT moCpeacTBOM BCTABKU
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MOJIEKYJ1 BOJBI B MEKCIOMHOE MPOCTPAHCTBO 63 MeXAy CI0sIMU 65. B COOTBETCTBUU C 3TUM
BapPUAHTOM OCYIIECTBJISHHSI HACTOSIIEr0 n300peTeHns B pe3yJIbTare BBOAA MOJIEKYJT BOJBI HA
CTaauu 56 3TH MOJIEKYJIbI BOABI BCTABISIIOTCS B (hopMe LEeoro uucia CIoeB MOJIEKYI BOABI B
COOTBETCTBMHM C TpeOyemMoii MoaeaupyeMoil KoHueHTpaiueii Boael. Hanpumep, B
MEKCIIOHHOE MPOCTPAHCTBO 63 MOryT OBITH BCTaBIEHBI OJWH, JBA WIM TPU CIOS BOIBL, B
pesynbrare uero OyAyT mosyueHsl cTexuoMerpuueckue oTHomeHus 3,9, 7.9 u 11,8 moaexyxn
BOJBI HA 3JIEMEHTAPHYIO S[UeHKy, COOTBeTCTBeHHO. COIacHO OAHOMY MpHMEpy CTamuio 56
BBIMOJIHSIIOT, mepeMerias npotuBouoHbl (Nat+, Cat2), BcraBieHHble Ha cTagud 54 B
MEKCI0IHBIE MPOCTPAHCTBA 63, B MECTa BBILIE WIM HHUXKE COOTBETCTBYIOLIUX YYACTKOB C
OTPULIATEIBHBIM 3apsiioM 66 B 3aBHCUMOCTH OT OOCTOSITEIBCTB, IOCIE Yero OCTABIIUICS
00BEM MEKCIOMHOrO MPOCTPAHCTBA 63 3alOIHSIOT COOTBETCTBYIOIIMM KOJHYECTBOM
MOJIeKyJT BOJBI B TpeOyeMoil KOHIeHTpauun. Takas BCTaBKa MOJIEKYJT BOABI 00eCIEUHBAET
YBEIUUCHUE DPA3AESICHUs] MEKAY NapaIeNbHbIMU CIOSIMH TJIMHUCTOU CTpPyKTyphl 2-1 1,
CIIEIOBATENbHO, COOTBETCTBYET Pa30yXaHUIO TIMHBI, XapaKTePHOMY AJIsl CMEKTUTOBOH IJTHHBI
3TOTO THUIA.

[0046] Ha ¢ur. 4e-4g mokazaHa MOJenb CBePXBSUEHKH TJIMHBI COrJacHo ¢ur. 4a
rociie CTaguu 56 ruApaTalyy ¢ Pa3HbBIMHU KOJIMYECTBAMH BOJOHOCHBIX CJIOEB, BCTaBJIEHHBIX
Mexkay crosiMu 65. Ha ¢ur. 4e nmokazaHa koHQUrypauusi CBepXbsiUeHKH TTHHBL, B KOTOPOM
MEKIY TapalIebHBIME CAOSMH 65 TJIMHUCTOM CTPYKTYphl 2-1 BCTaeineH oauH cioit 67(1)
Boabl. U3 dur. 4e BUAHO, YTO MPOTHBOMOHBI HaTpus (Nat) yaep:KHUBAIOTCS B BOJTOHOCHBIX
cnosix 67(1). Tlonywuaemoe B pe3ynabTaTe pa3AeieHUe MEKAYy CMEKHBIMH TapajlieTbHBIMU
cnosimu 65 obpasyer mar cioes d(1) ans cayuast ¢ oxauM cioem 67(1) Boxsr. Ucmosb3y eMbrit
B HACTOSIIEM JOKYyMEHTE TEPMHUH «IIar» O3HA4aeT CYMMAapHYIO TONIIHHY OJHOTO CI0sl 65 U
CMEXKHOTO MEKCIOWHOI'0 MPOCTPaHCTBA 63; STOT LIAr CJIOEB IJIMHBI MOYKHO PacCMarpuBaTh
KaKk  OJKBHBAJIEHT  0a3ajibHOrO MEXKILTOCKOCTHOTO paccTosiHuMs, HU3MEpPEeHHOT 0
SKCINEPUMEHTAIPHBIMA METOJAMH IOPOLIKOBOI peHTreHoBckoi auppaxkmuu. Ha ¢ur. 4f
MOoKa3aHa KOH(HUIypalusl CBEPXbIUEHMKH C JABYMSI BOJOHOCHBIMH ClIosMu  67(2),
BCTaBJICHHBIMH MEXKAY KDKA0H mapoil mapamienbHbIX CI0€B 65 INIHHBI CO CTPYKTYpoH 2-1;
mar cjaoes d(2) B 3tom cinyuae Oyaer Oonbine mmara d(1) mist koHQUrypauu ¢ OTHUM CITOeEM
cormacHo ¢ur. 4e. Ha ¢ur. 4g nokazaHa KoHQUrypauusi CBEPXbSUCHKH C TpeMms
BOJOHOCHBIMU CJIOSIMH 67(3) MeKay KakIOM Mapoil CMEKHBIX MapaulelbHBIX CI0EB 65,
npuueM mar cioeB d(3) B xoHUrypauuu ¢ Tpemsl BOZOHOCHBIMH CIOSIMU OyneTr Oomblue
mara d(2) B koH(pUTYypauu ¢ IBYMSI BOJOHOCHBIMH CJIOSIMH.

[0047] Kak moka3ano Ha ¢ur. 4e-4g u kak OBUIO yKa3aHO BBIIIE, HPOTUBOUOHBEI
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(Hanpumep, Nat) ymepKHBaIOTCSI BO BCTaBJISHHBIX BONOHOCHBIX ciosx 67. Kommuectso
TakuX NPOTUBOMOHOB M MX IUIOTHOCTh 3apsiia OMpPENeNsieTcsl KOMHUYECTBOM 3aMelleHui
(Mg2+ B »TOM mpuMepe) B CI0sIX 65 IiMHbI B O€3BOIAHON CTPYKTYpe, 00Opa3oBaHHON Ha
cramuu 50, U, TakuM 00pa3oM, HE MEHSIETCS B 3aBUCHMOCTH OT KOJMYECTBA BOJOHOCHBIX
croeB 67, BCTaBIEHHBIX B NMPEACTABICHUE CBepXbsiuekd. [1ockomabKy mpoTtuBomoHBI (Nat
unu Ca2+, B 3aBUCHMOCTH OT 00CTOSTENBCTB) HAXOSTCS B BOZOHOCHBIX CIOSIX 67, OHH Oy AyT
JIBUTaThCS IMOJ  JASHCTBHEM COOTBETCTBYIOLIErO CTUMyJa (XOTSI CUHMTAETCS, HYTO
B3aUMOIECTBHS MEXKY MPOTUBOMOHAMH M COCETHUMH MOJIEKYJIaMU BOJBI Oy IyT MPUBOIUTH
K JBWKeHHI0 o0oux). Takum o00pa3oM, HMEHHO B pe3yJbTaTe TaKOrO JABHKEHUS
MPOTUBOMOHOB B OTBET HA MPHUKIAABIBAHHE IIOTEHUIHAla B TIJUHE OyJeT BO3HUKATH
SJIEKTPUYECKasl yIelbHasl MPOBOAMMOCTE. MoAeIUpOBaHUEe HOHHOW MPOBOJUMOCTH TaKOU
TJIMHUCTOM CTPYKTYpPhl B COOTBETCTBHM C BAapHAHTAMH OCYINECTBICHHS HACTOSIIETO
n300peTeHns MO3BOJUT ONPEASNUTh ABWKEHHE 3TUX MPOTHBOMOHOB W OLECHUTh HOHHYIO
MIPOBOAUMOCTb CUCTEMBI NIMHUCTBIX MUHEPAIOB.

[0048] KoopauHaTtel aTroMOB B CTPYKTYpPE CBEPXBSUEHKH MOCIe craguud 56
THApAaTaldi  PACIIHAPSIIOT ISl Pa3leNeHus] MEXKIY CMEXKHBIMH CIOosSMHA 65, BKITIOUAs
KOOpPAMHATBI IMPOTHBOMOHOB, a 3aT€M MX COXPAHSIOT Kak NpeICTaBlIeHHe IOCTPOSHHOM
MOJIEKYJISIPHOI MOJenu B moaxosmemM Gopmare B mamsatu cucremsl 20. 3atem Ha cragnu 40
CTPOSIT MOJETUPYEMYIO0 MOJIEKYJISIPHYIO MOJAETb CHCTEMBI IMHMHBL HecMoTpss Ha TO, 4TO
cBepxbsiueiiku Ha ¢ur. 4e—4g MpencTaBIsIOT MOJAEIA KOHEUHOIO pa3Mepa, Ha MPaKTHKE ISt
3¢ (peKTUBHOr0 NpeACTaBIeHUsT OECKOHEYHOTO 4YHCIa MOBTOPSIOIIUXCS CBEPXBIUCEK B
HANPaBJIEHUSIX X, Y U Z UCHONB3YIOT NePHOANIECKUE IPaHNYHbIE YCIoBHsL. TakuMm obpazom,
JNEKTPOCTATHUECKHE  B3AMMOJCWCTBUSI  JalbHEr0  JAecTBHsS  OyAyT BKIIOUEHBI B
MOCIEAY IOIME MOASTUPOBaHUSI MeToa0M M/, kak OyIeT mucaHo HUKE.

[0049] Ha ¢ur. 2 mokazaHo, 4TO MOJEKYJISPHYI MOJAETb, MMOCTPOSHHYIO HA CTAIUH
40, mepepomsar Ha crammto 42, Ha cragum 42 cocraBisiommM (aToMaM, MOJEKYJIaM)
MOCTPOCHHONM MOJENH W HX B3aMMOACHUCTBUSIM JAPYr C APYrOM HA3HAYAOT MapaMeTphl
CIJIOBOIO TONS. B COOTBETCTBMM € 3THM BapHAaHTOM OCYIIECTBJISHHS HACTOSIIETO
n300peTeHnss MOJAEIb CHIIOBOTO MOJsi Ui TIMHBL, u3BecTHas mox HasBanmem CLAYFF,
OIMCaHHAsl B JOKyMeHTe 1mox aBTopcTBoM Cygan et al., BKIIOUSHHOM B HACTOSIIIMHA JOKYMEHT
BBIIIIE TOCPEICTBOM CCBUIKH, NMPEJOCTABISET 3HAUNTEIBHO O0ble THOKOCTH IPH ONHCAHUU
rapaMeTpoB B3aMMOJEWCTBHS MeEXKAYy aTOMaMH M MOJEKyJaMH B MOJETH CBEepXbSUSHKH
TUAPATUPOBAHHOM MOHTMODWLIOHUTOBOM TIVIMHBI, IOCTpOEHHOM B mpouecce 40. B

COOTBETCTBUM C 3TUM BapHaHTOM OCYIICCTBJICHUA HACTOSAIICTO I/1306p6TeHI/I$I HAa3HAUCHHEC
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3THUX MAapaMeTpoB HA CTaaud 42 MOJKHO BBITOJHSTHCS cucTeMod 20 B mporpaMMHON cpene
MOJEIUPOBAHUS, TAKOM KaK NAKeT KOMIBIOTEPHBIX MPOTPaMM MOJIEKYJSIPHOM AMHAMHKH
LAMMPS, onmucaHHEIN BBIIIE.

[0050] 3nauennss mapamMeTpoB CHJIOBOTO IIOJII M IEPEeMEHHBIX MOIETHPOBAHMS
Ha3HAYalT COCTaB/SIIOIIMM IOCTPOeHHOW Ha crtazuu 42 mozenu. Kak ommcaHo B craTbe
Cygan et al., mapaMeTpsl CUIOBOTO I10JIS1 BKITIOYAOT:

® IIPEACTaBICHUS ATOMOB B MOJEIM KAk TOUEUHBIX 3apsiioB B TOYKAX B
npejenax  KOOPAWHATHOM  CHCTEMBI € IMOCTYNATENbHOM  CTENEHbIO
NOABUKHOCTU BHYTPH CTPYKTYPBI MOJENH,

e DHEPruM KOKIOT0 B3aUMOJEHCTBHSI aTOM-aTOM B CHCTEME, BKIIIOUAs SHEPIHU
UL DJIEKTPOCTATHUECKOTO B3aWMOAEUCTBHS JANBHErO JAelCTBHS (3aKOH
Kynona) u B3aumoneiicteust OmmkHero aeiictsust (cunbsl Ban-nep-Bansca), a
TaKKe UX TPAHUYHBIE PACCTOSIHUS, U

®  VIVIBI CBSI3H, MJIUHBI CBSI3U U T. 1. JUIsl THAPOKCHIBHBIX IPY I H MOJIEKYJI BOJBL

Bonee Ttoro, Ha craaum 42 Takke MOIYT Ha3HA4yaTh 3HAUEHUS KOHKPETHBIM
MePEMEHHBIM MOAEIHPOBAHMS B COOTBETCTBUH C TPeOyeMBIMH YCIOBHSIMH MOJESIUPOBAHUS,
HAIMpUMeED, BKIOYAsL:

& T[paHHUYHBIE YCJIOBUS, OMUCHIBAIOIIUE JABJICHHUE, TEMIIEPATYPY U 00BEM;

® TIpynmy TEPMOJUHAMUYECKUX MAPAMETPOB U

e 1pyrue Ko3(p(GUUUEHTHL, MMEIOIKE OTHOUICHHE K MOACIMPOBAHHIO METOAOM
MOJIEKY JISIPHOH AWHAMUKH, KOTOPbIe Oy IyT MOHSTHBI CIISIAATICTAM B 00IacTH
TEXHUKH HACTOSILEr0 U300peTEeH s IOCIe N3y YeHHUSI HACTOSIILIETO PACKPBITHSI.

INocne Ha3HavYeHWs] MpH HEOOXOIMMOCTH TPATUIMOHHBIMH METOZAMH MOXKET OBITh
BBINIOJIHEHA ONTUMU3ALMS MAPAMETPOB B MOJEIHM CUJIOBOrO IOJS, KAK OMHMCAHO B CTaThe
Cygan et al, BKIIOUEHHOW B HACTOSIOUH JOKYMEHT IIOCPEICTBOM CCHUIKH. Takas
ONTHUMHU3ALMSI MOXET OBITb TNpOBEIEHa, HampuMep, MIs TOJYUYEHHS CTPYKTYphl C
MUHUMU3HPOBAHHOM CTPYKTYpPOH, Kak ONMCAaHO B CTaTbe. MCHOaB30BaHUE 3TUX
k03 PUIIEHTOB CHIIOBOTO MOJMS HA CTaguu 42 MOXKET IPUBECTH K M3MEHEHHUSIM MOJI0KEHHH
KOOPAMHAT Pa3HBIX COCTABJISIIOIINX MOJETH CBePXBSUSHKH;, Harmpumep, ObII0 3aMEeYeHo, YTO
maru cioeB d(1), d(2), d(3) HECKOIBKO 3aBHCST OT TEMITEPATY PbL

[0051] TMocae HazHaueHust kKO3 PUIIMEHTOB CHITOBOTO NOJISI HA cTaxuu 42 cucrema 20
BBINOJIHSET NMPOrPAMMHBIE KOMAHJBI JJIsl BBIIOJIHEHUS CTamuu 44 MOAEIUPOBAHUS METOAOM

MoJiekyasipaoii muHamuku (MJI). Kak Obuto OmMCaHO BBIIIE, B YPOBHE TEXHHKH HM3BECTHBI



19

NaKeThl MporpaMm it MOACIUPOBAHUSI METOAO0M MI[, KOTOPBIE MOXKHO HCIIOJB30BATH Ha
craquun 44, TlpumepoM Takoro NOAXOISINEr0 NpOrpaMMHOro mnakera ML sBasercs
nporpamMmuelit naker LAMMPS kxomnanun «Cannuiickue HaMOHATBHBIE 1a00paTopumny, Kaxk
OBLTO PACKPBITO BBILIIE,

[0052] B coOoTBETCTBUM C BapHAHTaAMHU OCYIIECTBICHUS HACTOSIIEr0 M300peTeHus Ha
craqun 44  MozaenupoBaHuss MeToA0M Ml OLECHHBAIOT JUHAMHYECKHE CBOMCTBA
COCTAB/SIIOIIMAX MOJIEKYISIPHOW MOJETN CBEpXbsieHKH, NOCTpOeHHOM Ha craauu 40, no
SHAUYCHUSIM MapaMEeTpoB CHJIOBOI'O IIOJA U NMEPEMEHHBIM MOIACTUPOBAHNMsI, HA3HAYCHHBIM Ha
crazun 42. TlpuMeHMMBIM TOAXOAOM Uisi MoAeaupoBaHusi meronoM M/l Ha crazuu 44
SBJISIETCS OIIEHKA B3aMMOISHCTBUN OMMKHEro nelicTBUS W JadbHEro JAeiicteus (T. €.
IPUMEHUMBIX M COOTBETCTBYIOIIMX YPAaBHEHUI MABIKEHHS) IO COCTABISIOIIMM MOZAETIH
HECKOJIBKMMH 3axoJaMH B TCUYCHHC BI:I6paHHOl"O nepuoaga BpPEMCHU i1 IOJIYUCHUSI
KOOPAUHAT MOJIOKEHHSI, CKOPOCTH M CHIIBI 3TUX COCTABJISIIOIIUX 32 3TOT HEPHO.

[0053] B ogHOoM mpuMepe B COOTBETCTBHUM C OJHMM BAapHAHTOM OCYILIECTBJICHUS
HACTOSIIEr0 M300pEeTEHHsI B3aUMOIESHCTBHs OJMKHero aekicteust (Cuisl Ban-nep-Baanbca)
OILIEHUBAIIH 34 KOPOTKHE MPOMEKyTkH Bpemenu (Hampumep, 0,5 ¢c), rae k cunam OnMuKHEro
NefCTBUS TIPMMEHsIM TPaHHYHyIo AmuHy (Hanmpumep, 10,0 A), 3a nmpeaenamu KoTopoit 3Tu
B3aUMOJCHCTBUSI B MOJAEIMPOBAHMM HE YUHATBIBAINCh. B 3TUX MOAETMPOBAHMSX
HCTIONB30BAIN NEPHOAWYECKHE TIPAHMYHBIE YCIOBHSI M OLEHHMBAIM 3JIEKTPOCTATUYECKUE
B3aUMOJIEVCTBUS JaTbHEro JeWCTBHs 3a OoJiee NPOAOKHUTENbHBIE MEPHOIbI BpPEeMEHH
(manpumep, 1,0 ¢c), UCHOMB3YSl ANTOPUTM MOAETHPOBAHHS YACTHIA—YACTHLA YACTHLA—
sueiika (PPPM), omucanHbIil B 1OKYMeHTE moxa aBTopcTBoM Plimpton et al. «Particle-mesh
Ewald and rRESPA for parallel molecular dynamics simulations», Proceedings of the Eighth
SIAM Conference on Parallel Processing for Scientific Computing (1997), BKItoueHHOM B
HaCTOSIH_II/Iﬁ AOKYMECHT NOCPEACTBOM CCBLIKH. B cOOTBEeTCTBHH C 3TUM npuMEPOM CHUCTEMBI
MOJETH TEPMHUECKH YPABHOBEIIMBATH C MOMOIIBI0 HAYAIBHOIO MOJAEIHPOBAHHS C
uHTepBAIOM S50 TIC B MHKPOKAHOHHYECKOM aHcamMOne (T.e. KOIM4YecTBO, o0beM u
MOTEHUUATBEHYIO SHEPIUI0 YacTHUI[) MOCPEICTBOM HOPMATU3ALMU CKOPOCTH 10 TpeOyemoit
TEMIIeparyprl, MOCIe Yero MPOBOIMIN JOMOJHUTEIbHOE MOJCIHPOBAHHE C HHTEPBAIOM
50 c B KaHOHUYECKOM aHcaMOune (T. €. KOIMYECTBO, 00BEM M TEMIEPATyPhl IO TEPMOCTATY
Hoze-I'vBepa wactmm). Ilocime 3THX  HayambHBIX  MOJESTMPOBAHWUN  BBITOJTHSUTH
MPOM3BOJCTBEHHOE MOJESTHPOBaHKE 3a OoJiee JUINTENbHBIA NEpUON BpeMeHd (Hampumep,
2500 mc) B wm300apuueckH-M30TepMHUUYecKOM aHcambie (T.e. KOoiImdecTBo, 00beM U

TeMIepaTrypel 4YacTull, TAae JAaBieHue mno Oapocrary Hose-I'yBepa pasHo Hymo). B
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COOTBETCTBHM C JTUM MOJENHPOBAHHEM OOBEM CBEpXBSUEHKH MEHSUId TOJBKO B
HanpaejieHud z (T. €. NePHEeHIUKYJISIPHO CI0sIM INTUHbBI Ha Qur. 4e—4g).

[0054] 3arem pesynbrarsl cTaauu 44 MOIETUPOBAHUS HUCIOIL3YIOT HA cTaauu 46, rae
cucrema 20 BeruncisieT kodppuunentsl camoauddysun D BEIGpaHHBIX MOJIEKYT U aTOMOB. B
OCHOBe cTamuud 46 3TOro BapHAHTA OCYLISCTBICHHS HACTOSILIEr0 W300PETeHUs! JIeKHUT
JBIDKEHNE BBIOPAHHBIX AaTOMOB M MOJIEKYJ 3a BBIOpDAHHBIM IEpUOJ BPEMEHH B TEUCHHUE
MOJENUpoBaHusl. Bo BpeMsi MOIETHPOBAHMSI CMEKTUTOBOH ITIMHBI, ONMCAHHOM BBIIIE,
koa(pdurmentsr quddpy3un D mporuBowoHoB Hatpus (Nat) wam kameius (Cat2), B
3aBUCHMOCTU OT TOTO, KaKpe M3 HUX INPHCYTCTBYIOT, U MOJEKYJbl BOJIBI BO BCTaBJIEHHBIX
BOJOHOCHBIX CJO0SIX 67 OCHOBBIBAIOTCSI HA KOOPIMHATAX IMOJIOKEHWSI aTOMOB U MOJEKy’d 3a
HECKOJIBKO MEepPHOIOB OLEHKH B TeUeHHWe BHIOPAHHOI'O MHTEpBajla BpeMeHHM Ha cramuu 44
MoaenupoBanus MerogoM MJI. B kauectBe nmpuMmepa MpOU3BOACTBEHHOTO MOJETUPOBAHUS C
uaTepBaioM 2500 mc B M300apHUECKH-U30TEPMUUSCKOM aHcaMOmne, OMHMCAHHOM BBIIIE,
BBIMIOJTHEHUE CTaguu 46 MOKeT OBITh OCHOBAaHO HA KOOPJUHATAX aTOMOB U MOJIEKYJ,
coxpaHseMbIX B mamstu cuctemsl 20 kaxapie 2,0 ¢pc 3a mocnemuue 2000 nc u3 Beex 2500 mc
poIecca MOACTHPOBAHHS.

[0055] Ha ocHOBaHMM 3TUX COXPAHEHHBIX KOOPAMHAT MOJOKEHHS PACCMATPUBASMBIX
WOHOB U MOJIEKYJI Ha CTaauu 46 U3 CPeIHEKBAIPATUIHOTO CMEIEHHS 3TUX HOHOB M MOJIEKY I
BOJBI B IJTOCKOCTHU X—Y, apaJUIebHON 0a3aIbHOM NOBEPXHOCTH, BEIYHUCISIOT KO3 (PP ULIUEHTEI
camoauddysuu D:

(Ax(t)? + Ay(t)?) = 4Dt

rae ckoOku () 00O3HAYAIOT CpenHee MO aHCaMOMI0 3HAYEHHE CMENIEHHS B
HAIPaBJIEHUH X U y HOHA WM MOJEKyJbl B KOHKPETHBIII MOMEHT BpeMeHH /. B aTom mpumepe
CMEIIeHNE B HANPABISHHUH Z YCTAHABIUBAIOT PABHBIM HYIIIO, MOCKONBKY nuddy3uei B 3ToM
HaNpaBJeHHd MOXXHO npeHeOpeus (m. e. Ha craaum 44 MOIETUPOBAHUS B HANPABICHUH Z
MPOUCXOAUT TOJIBKO CIy4dalHOEe IBHKEHUE BCJISACTBUE KHMHETHUeCcKol 3Heprun). Cpeaxee 1o
aHcaMOJII0 3HAYEHHE CMEIIEeHHs 3a TMEPHOJ BPEeMEHH BBIUHCISIOT IUIS1 KOKIOrO W3
BLIOpPAHHBIX MPOTHBOMOHOB W MOJEKYJ BOABI B BOJOHOCHBIX CIOSIX 67 B MEKCIONHHOM
MIPOCTPAHCTBe 63 MOAETMPYEMOH CTPYKTYDBL, HampuMep, TOJIbKO 3a MOAMHTEPBAT BPEMEHH,
32 KOTOpPBIA OBUIO BBIIOJIHEHO MOAEIMPOBAaHHE. B ONMCaHHOM BBIIE MPUMEPE CMEIIeHHE
HMOHOB U MOJIeKYJl OLIEHUBA/IM 3a MoguHTepBal B Toukax oT 200 nc a0 800 nc u3 uHTEpBaIa,
pagHoro 2000 mc, KOOpPIWMHATBI KOTOPBIX OBUIM COXPaHEHbI, ISl MPeJOTBPALISHUS
BOZHUKHOBeHHsI 3((PEeKToB HeIMHEHHOr0o IBMXKEeHWs OmmKkHero Jelicteus (m. e.,

BpaiiarensHoro). Ha OCHOBaHMHM 3THX Pe3ybTaTOB MOKHO MPOBECTH PErPECCHOHHBIN aHATH3
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(nanpumep, MeToIOM HaUMEHBLINX KBAIPATOB) C LEJIbI0 BOCCTAHOBJICHHUS HAKIOHA rpaduka
3aBUCHMOCTH CMEIIEHHUsI OT BPEMEHH MOJETUpPOBAHHS W, CJIeJOBaTeNnbHO, kod(ddmuimenta
camoauddysuu D 151 KaKI0r0 BUIAA.

[0056] AnbrepHaruBHO Kod(hduumeHTH IudPy3ur s BHIOB PACCMATPUBAEMBIX
HWOHOB U MOJIEKYJI B MOJEIUPOBAHUHN C OOBEMHBIMH KUAKOCTSIMH WM C OJHOM JKUAKOCTBIO
MOXHO BBIYHCINTH Ha cragud 46, Hampumep, IOCPEICTBOM IMPSIMOTO BBIYHCIICHHS

ko pupenta quddyzun D U3 TpexMepHOit TPASKTOPUH HOHOB M MOJIEKY I

D =2lim = N[ - )l
i

rae ckoOkamu ( ) 0003HAUEHO CpexHee MO aHCAMONIO 3HAYEHHUE CMENIEHHs MOHOB
WIH MOJEKYJ 3a WHTepBAT BPeMEHH OT HA4YaJbHOIO MOMEHTAa BpPEMEHH fp 10 MOMEHTa
Bpemenu (. Takum o00pa3oM, OTO BbIpAKEHHE MPEAHAZHAYEHO [UISI BBIYHUCICHHS
koddduimenta mupdy3ur Ha OCHOBAHMHM CPEIHEKBAAPATHYHOTO CMEIISHHWs HOHOB U
MOJIEKYJI, OMPEISIISHHOTO Ha CTaauu 44 OCPeACTBOM MOASIUPOBAHUS MeToaoM M/

[0057] B coOoTBeTCTBHH C BapHaHTaMH OCYINECTBIEHHS HACTOSIIEr0 HW300peTeHus
nocje ompexaeneHust Ha cramun 46 koddduuuentos camonuddyzun DD paccMaTpUBaEMBIX
BUAOB Ha cragud 48, Hampumep, C HOOMOLIBID CHUCTEMBbI 20 BBIUHCISIIOT HOHHYIO
MPOBOAUMOCT BHIOB B CMOJESIHPOBAHHOW CHCTEME TJHHBI, HCIIOJIB3YSI COOTHOIIESHUE
Hepucra-Ofinmreitna. Onucaane cooTHomenns HepHcra-O#WHImITEHA MOXXKHO HaHTH B
JIOKyMeHTe moj aBTopctBoM Bockris et al., Modern Electrochemistry 1: Ionics, 2™ ed.
(Plenum Press, New York, 1998), pp. 456-458, BK/IIOUEHHOM B HACTOSINUN JOKYMEHT
MOCPEACTBOM CCBLIKH. Bojiee KOHKPETHO, B COOTBETCTBHM C BAPUAHTAMH OCYIIECTBIICHHS
HACTOSIIET0 M300pETeHUs] WOHHAS MPOBOAUMOCTH BHAOB MPOTHBOMOHOB € MOKAa3aTeleM |
(xacarenbHo oaHOro u3 Na' umm Ca’!, BKIIOYEHHBIX B MOJE/b COMIACHO ONUMCAHHOMY BBIILE
MPUMEPY ), 3aKTIOUSHHBIX B BOJOHOCHBIE CITOH 67, MOXKET OBITh BBIUMCICHA HA OCHOBAHUH UX

ko3 unmentoB camoaudpysun D; caeayrImuM o0pasoM:

ZiZCiFZDi
0 =—
' RT
rae zi— HOHHasd BaJCHTHOCTE IIPOTHUBOMOHA i, Ci— HWOHHAsd KOHLCHTpAaIus

NpOTUBOUOHA I, F'— noctosinHas @apanes, R — yHuBepcaibHas ra30Basi IOCTOSIHHASL, U 1 —
TeMreparypa. AHAIOTHYHO MOKHO BEIUHCIHTE MOJISIPHYEO HOHHYIO IPOBOAUMOCTE /;:
a; ZiZFZDi
/1,: = —_— = ——

Ci RT

[0058] B coOoTBeTCTBHM C BapHaHTaMH OCYIIECTBIEHHS HACTOSIIEr0 H300peTeHus
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HOHHYIO TPOBOJAUMOCTH B CMOJIEIHPOBAHHON CHUCTEME TJIMHHCTBIX MHHEpAIOB MOXKHO
BBIUMCINTE HA OCHOBAHMH MOJICKYJISIPHOM MOJENH 3TOH CHCTEMBI INIMHBL JTOT HPOLECC
MOJENUPOBAHMS MOXKHO 0€3 TpyJaa MOBTOPHTE ISl APYTOro BHAA NMPOTUBOMOHOB, M3MEHHB
VPOBHH THApATALMH (/1. €. UCMOB30BaTh Pa3HbIE KOJTHUYECTBA BOAOHOCHBIX CI0EB 67 MeKIy
crosMd 65 TIMHBI), U3MEHUB (pU3HUecKne CBOWCTBA (Hanpumep, TeMIEpaTypy, AABICHHE H
TA) ¥ U3MEpHB IUIOTHOCTH 3apsija M T. N. [IpoBens aHanyM3 pe3yJbTaToB ITOMYUYEHHBIX
aHcamOneil, MOKHO IOHSTh MEXaHW3Mbl YIENbHOH MPOBOIMMOCTH, & TAKKe ITOBBICHTH
3 (PEKTUBHOCTL IKCIEPUMEHTATFHOTO MOATBEPIKISHUS PE3YILTATOB MoAeanpoBanus. boree
TOTO, BO3MOXKHOCTb 3TOT0 HHCTPYMEHTA MOJCIHPOBAHUS  OLCHUBATH  YAEIBHYIO
MPOBOAMMOCTE AJSl IOHPOKOTO psia YCIOBUH IO3BOJSIET NOJIYUUTh IMITHUPHUYECKUE
OTHOIIEHUSI, HEOOXOJUMBIE JUTsl IOHUMAaHHS eTPO(U3MUSCKUX CBOMCTB MO3EMHBIX IUIACTOB.

Oyenra niacmogozo KO3 Puyuenma CUCmeMbl 2IUHUCIBIX MUHEPALO8

[0059] Kak Obuto yKa3aHO BBINIE, METPOPUIUUESCKOE CBOMCTBO, IMPEACTABISIONIEE
0coOBIi HHTEpEC MPU MPOBEASHUN aHATN3a AUATPAMM KapoTasKa IO METOAY CONPOTUBIICHHSL,
0OBIYHO TOTYYaEeMBIX BO BpeMsl pa3paboTKu He(TEera3oBhIX KOJIEKTOPOB U AOOBIUM U3 HHUX,
Ha3bIBASTCS. «ILIACTOBBIM  Kod(duuumeHnrom». B oOmem, miactoBelii ko3 uLmEeHT
nmpeacTaBisieT coOOH OTHOIIEHUE YIEeIbHOTO COIMPOTHUBIICHHS ILIACTA MOPOIBI K yASTBHOMY
COIPOTHUBJICHUIO CAMOU YKUKOCTH.

[0060] Ha ¢ur. 5 mokazana Oj0K-cxema IIpOLECCA OLEHKH  IUIACTOBOTO
KO3 (HUIMEHTa KOHKPETHONH CHCTEMBI TJIMHUCThIX MuHepaioB. Kak mokazaHo Ha ¢ur. S,
HOHHYIO IPOBOAUMOCTB 3TOI CUCTEMBI INIMHUCTBIX MUHEPAIOB ONpeAestoT Ha craguu 100 ¢
MOMOIIBIO cUCTeMBI 20 B COOTBETCTBHH € IPOLIECCOM, ONMCAHHBIM BBIIIE CO CCBUIKOM HA (HT.
2. OmHako 1iast TOro 9ToOBI MOJYYWTH IUTACTOBBIA KO3((HIMEHT, Takke HYXKHO 3HATh
00BbEMHYI0 YAETbHYI MPOBOAUMOCTh JKHUIKOCTH. B COOTBETCTBHHM C 3TUM BapHAHTOM
OCYLIECTBJICHHS HACTOSILEr0 N300peTeHns: O0bEMHYI0 Y SIbHY 0 MPOBOJUMOCTb BBIUHCISIFOT
TaK K€, KaK 1 HOHHYO MPOBOJUMOCTb CHCTEMBI INIMHBIL, HAaUnHasI co cragun 70.

[0061] Ha cramuu 70 CTpoST MOJEKYJISPHYIO MOAEIb 00beMHOro (T.e. ¢
HelTpaJIbHBIM 3apsiioM) pactBopa TpeOyemoit xuakoctd. Hampumep, cragmio 100,
OTMCAHHYIO BBIIIE, BBITOIHSIOT JUIsl MOJENH, B KOTOpoi karnoHsl Na+ mwau Ca2+ HaxogsITcst
BO BBEJCHHBIX BOJOHOCHBIX CIOSIX 67 Hapsiay ¢ aHuoHamu Cl- 1 COXpaHsOT HEHTPaTIBEHOCTE
3apsaoB. B 3ToM mpuMepe MojekysspHas MOAenb OOBEMHOrO pacTBOpPAa COASPKUT
4096 monekya Bomwl, uerbipe karuona HaTpus (Nat) wim kambiust (Ca2+) u yeThIpe WIH
BoceMb aHuoHOB Cl- (B 3aBHCUMOCTH OT 0OCTOSTENBCTB), B Kybe mpubausurensHo 50 A Ha

K01 cTopoHe. MOspHas KOHLIEHTPAIUSI KATHOHOB B 3TOM CMOJETHMPOBAHHOM O00BEMHOM
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pactBope cocrassiet mpubauzurensuo 0,05.

[0062] AnbTepHATUBHO eciau COOTBETCTBYIOLIUN 00BEeMHBII pacTBop,
CMOJAEIUPOBaHHbIN Ha cTtaguu 70, HE COAEPKUT AHUOHBI U, CJAEAOBATEIBbHO, UMEET YUCTHII
MHOJIOKATEILHBIN 3apsa, 411 COXPaHCHUST HeﬁTpaﬂbHOCTH 3apsaa B MOICIb MOXKET 6]:ITI>
BBEJIEH 3aPsIIOBO-KOMITEHCHPY I (OH.

[0063] 3areM ¢ MOJEKYJISIPHONW MOJENBID OOBEMHOTO pAcTBOpa, MOCTPOSHHOW Ha
craauu 70, BBINOJHSIOT CTaguu 72—76 Tak ke, Kak U craauu 42—46, ONMCaHHBIE BBIIIE, TS
CUCTEMBI INTUHUCTBIX MUHEPAJIOB. FOBOpS[ KpaTKo, nmapaMeTpbl CUJIOBOI'0 IIOJIsI, HASHAYCHHBIC
MOJIeKyJIaM M KaTHOHAM B MoOJeln OOBEMHOrO pacTBOpa Ha CTaauM 72, YTOUHSIOT TakKue
mapaMeTpsl, Kak pacmolO)KeHHWe aToMOB B Ipeenax KOOPAMHATHONW CHCTEMBI M SHEPTHS
MOJIEKYJ W aTOMOB, M TapaMeTpbl MOJAESIMPOBAHUSI BKIIOYAIOT TPAHUYHBIE YCIOBHS IS
JABJISHUs, TEMIepaTypbl 1 00beMa, TepMOIUHAMUYECKUI aHcaMONb mapameTpoB U T. . Ha
crazun 74 cucrema 20 BBINOJHSET IAsI 3TOM MOJEKYJISIPHOM MOZENH MOAEIMPOBAHUE
METOIOM MOJIEKYJIsIpHO# nuHamuku (M/J1) Ha OCHOBE YTOUHEHHBIX K03()(PHIIHEHTOB CHIIOBOTO
MOJISL U1l ONpPEJENeHus] MOJTOKEHMA MOJIEKyl1 BOABI M KAaTHOHOB 34 MEPHON BPEMEHH
MOACIUPOBAHMSI, HAIIPUMEDP, COXPpaHsIsl IMOJIOKECHUE K&)K,Z[Oﬁ MOJIEKYJIBI 1 Ka)KAO0TO0 KaTHOHa
Ha BBIOOPOYHOH "acToTe 2 IC 32 HHTEPBAI MOJETHPOBAHMSL, PaBHBIN 10 HC, IPU MOCTOSTHHOM
JAaBJICHUM M IIOCTOSIHHOM Temmeparype wmogenuposanus. Ha cragum 76 BBIMUCISIOT
ko3 purpienTs camoaupHy3un KATHOHOB U MOJIEKYJ BOJBI B CMOJAETAPOBAHHOM OOBEMHOM
pacTBOpe Ha OCHOBAaHMM COXPAHEHHBIX Ha cTaguu 74 wmojenupoBaHusi MerogoM M|
MOJIOKeHNH 3a BbIOpaHHoe Bpems. Ha cragmm 76 xo3pduumentsr camoanpdysuu Moryt
OBITb BBIYMCIEHBI TaK JKe, KaKk H Ha cragud 46, ONHCAHHON BBINIE, HA OCHOBAHHH
CPEeJHEKBAAPATHYHOIO CMEIIEHNs] B IUTOCKOCTH X—y WM Ha OCHOBAHUM CPEIHEro IO
aHcaMOJTI0 3HAYESHHS TPAEKTOPHH HOHOB B TPEX HAMPABISHUSX.

[0064] [Tpumeprr 3HaueHui koddduuuenta aup@Py3un, BBMUCISHHBIX IS MOAETH
MOJIEKYJISIPHOTO OOBEMHOIO pPACTBOpPa B COOTBETCTBHH C MOAXOAOM Ha cramusx 70-76,
COOTBETCTBYIOT TONYUYEHHBIM pe3yabTaraM it Kod(p(uimeHToB mud@py3und pacTBOpOB
HATPHS U KaTbLHs TPH OECKOHEYHOM pa30aBieHUH.

[0065] Ha cramuu 78 xosdduiment camoaudPpys3uu karuoHa B MOASTH OOBEMHOTO
pacTBopa IpU TeMIIeparype, KOTOpas Ha CTaaud 72 HUCHONBb30BATACH KAK TPAHUYHOE
3HAUEHWE, HCIIONB3YIOT B COOTHOIIEHNN HepHCra-OHHITeHHA A1 OnpeneneHus yaeapHO
MPOBOJIMMOCTH PACTBOpA, Kak OBbLIO OMHCAHO BBINE. JTa YAETbHAS NPOBOAMMOCTE,
BBIYUCJICHHAsI Ha CTaauu 78, SABJIACTCS O6’I:€MHOI>1, 1 Ha €€ OCHOBAHUU MOXKHO BBIIIOJHHUTH

OIIEHKY OOBEMHOHN yAETBHONH MPOBOAUMOCTH JKUIKOCTA B CHCTEME TIIHHHUCTBIX MHHEPAJIOB,
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U3 KoTopoi Ha craguu 80 TPAAUIHMOHHBIM CIIOCOOOM MOXHO OMNPEESTUTh IUIACTOBBIM

ko3 purmenT F cucrembl IMMHUCTBIX MUHEPANIOB, ONpeaeneHHoi Ha craaun 100:
P
0;

Iie 0; — WOHHAsI MPOBOAUMOCTb IPOTHUBOMOHA B CMOAETHUPOBAHHON CUCTEME TJIMHBL,
ompexaeienHas Ha craguu 100, u 0, — oObeMHAs yJeabHAs IMPOBOAUMOCTb OOBEMHOIO
pacTBopa, BbIUMCIEHHAs Ha ctaamu 78. Kak HM3BECTHO W3 YPOBHS TEXHHKH, W Kak ObLIO
OMMMCAHO BBINIE, ILIACTOBBIM Koddduuuent F' mpexacrasisier coboii 3 (dekTHBHYIO Mepy
MIOPUCTOCTH CTPYKTYPHI IUIACTa, HA OCHOBAHUU KOTOPOH MOYKHO ONPEIENUTh APYTUE BAXKHbIE
netrpodu3nUecKre CBOWCTBA, TAKHe KaK MPOHUIIAEMOCTb.

[0066] CienoBarenbHO, 3TOT BapPUAHT OCYINECTBIEHUS! HACTOSIIErO H300pETEHHS
Aa€T BO3MOXKHOCTh OLCHHUTH 3HAQUCHHUC ILIACTOBOIO KOSq)(bHHHeHTa CHUCTEMBI TJIMHHUCTBIX
MHHEPAIOB MOCPEICTBOM COCTABJIEHUSI MOAEIN U MOJETUPOBAHUS aKTYyaAIbHBIX MEXaHU3MOB
Ha MOJIEKYJISIpHOM ypoBHe. Takoil aHamm3 Ha MOJEKYJISPHOM YPOBHE TAeT BO3MOXKHOCTB
IIPOBECTHU TOUHBLIA aHaIU3 HAHOPASMEPHBIX KOMIIOHCHTOB ILIACTa, HpeBOCXOI[SIH_[I/Iﬁ
BO3MOXKHOCTH TPATULMOHHBIX MOJXOMO0B, TAKUX Kak GopMyna Apuu U T. I

Ipamoe yucaennoe Mooeuposanue nIacmos, CoOePICAUUX STUHUCIBLY KOMNOHEHM

[0067] Bo3MOXKHOCTE  COIVIACHO ~ BapuHaHTaM  OCYIIECTBIEHHUS  HACTOSIIErO
1/1306pereHH51 TOYHO OLCHUTH YACJIBHYIO NPOBOAUMOCTE TI'IMHHUCTBIX MHUHEPATIOB, KakK 6]:1.]'[0
ONMCAHO BBIIE, MOXKET IPUTOJUTHCS B LEIOM psiieé Pa3IUYHBIX METOJOB aHAINW3a
neTpopU3NIECKUX CBOMCTB, B YACTHOCTH, YUHMTHIBAsI HbIHEIIHEE 3HAUEHHE IUIACTOB IOPOJBIL,
COJEPIKAIIUX YIVIEBOAOPOIBI, B KOTOPBIX NPUCYTCTBYIOT TNIMHOHOCHBIE Mecku. bomee toro,
TAaKKE IMpeanojgaracrcsa, 4Yro IIOHUMaHHe (bmnqecxnx MCXaHHU3MOB, I[eI\/'ICTBYIOH_II/IX Ha
MOJIEKYJIIPHOM YPOBHE, B TAKHX HAHOPA3MEPHBIX Marepuanax Oyaer 0COOSHHO MONE3HO ISt
MPOEKTUPOBAHMUS U aHAIN3A TEXHOJIOTHI 10OBMH. MeTobl OLEHKH Y AETbHONW MPOBOAUMOCTH
B COOTBETCTBHHU C BAPUAHTAMH OCYILECTBJICHHUS HACTOSIIIET0 N300PETEHHs TAKKe TO3BOJISIIOT
YCOBEPIICHCTBOBATL APYTIUEC aHATUTUYCCKUC HHCTPYMCHTHI U METOJUKH.

[0068] OnHrM M3 TaKUX AHATUTHUYSCKUX MHCTPYMEHTOB M METOAMK, KOTOPBIE MOXKHO
YCOBEPIISHCTBOBATh 3a CUET TOYHON OLIEHKH YJAENbHON MPOBOJAUMOCTU CHCTEM TNIMHHUCTBIX
MHHEPANOB, SIBISIETCS MPSIMOE YMCIEHHOE MOAETHPOBAHUE, B YaCTHOCTH, MPUMEHSIEMOE TSI
MOJ3EMHBIX ILIACTOB, COAEPKAIIUX Kak (hasy MOPOIbI, HATPUMEDP KBAPIl, KAK B MECUYAHUKE,
Tak " (I)asy TIIMHUCTOrO0 MUHEpAIIa. B YPOBHE TCEXHUKHU HU3BCCTHO, YTO TJIMHHUCTHIC
KOMITOHEHTBl B IUIACTaX TaKOTO THUMA, Kak MpaBWiIo, oOpa3oBaHBI PSOOM NApaLIEIbHBIX

IITACTHHOK, HAMpUMep, TJIMHUCTBIA MHHEpa] KAOJIUHHT HMEeT, Kak MpaBmwio, (Gopmy
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«KHIDKKI» MEXKIY TBEpIbIX 3epeH KBapLa U HOPOBBIM HMpocTpaHcTBOM. Kak ObL10 OonmmcaHo B
pasmene «IIpeAmoceUIKM K CO3JAHHMIO HACTOSINETO H300pETeHUs», TpPaJuLHOHHBIE
JMarpamMMbl KapoTaxka Mo METOJy CONPOTHBICHHS, HHTEPIPETHpyeMble o GopMyre Apun,
OCHOBAaHBI Ha TOM, 4YTO TBEpPAble 3€PHA XapaKTEPH3YIOTCS HYJIEBOH  yIeabHOM
MPOBOJAMMOCTBIO, 4 JKHUAKOCTb B IIOPOBOM MPOCTPAHCTBE XAPAKTEPU3YETCS BBICOKOM
VAETBHOW NMPOBOXUMOCTBIO. B miacrax, Il KOTOPBIX 3TO NMPEANONIOKEHHE CIIPaBEITUBO,
M3MEpEeHHOe yAeNbHOe compoTuBieHne Oyner 3p(eKTHBHO OMUCHIBATE HOPUCTOCTH IIACTA.
OnHako B ypoBHE TEXHHKH H3BECTHO, UTO IJIMHUCTHIE KOMIIOHEHTHI B ILIACTE TakkKe OyayT
XapaKTepU30BaATHCSl YASTBbHONH MPOBOJMMOCTBIO, HO B MEHbIIEH CTENeHH, 4YeM HOpOBast
JKUIKOCTb, HO 3HAYMTENBbHO B OonbIneil CTemeHW, dYeM 3epHa TBEPAOro Keapla.
TpaauuuOHHBIM aHANM3 YJASJBHOI'O COIPOTHUBISHMSI IUIACTA, COJEPIKAINEro ITIMHUCTHIC
KOMITOHEHTBI, TPEAOCTABISIET HEOJHOZHAUHBIE PE3YJILTATBI, MOCKOJABKY B 3TOM Clydae
yAeIbHOe CONMpPOTUBIEHHE OyIeT 3aBHCETh HE TOIBKO OT MOPHCTOCTH, CO3AaBaeMOil OPOBOU
JKUAKOCTBIO, HO W OT KOJHWYECTBA IPUCYTCTBYIOIIMX IJIMHUCTBIX KOMIIOHEHTOB U HX
yAeIbHON MTPOBOAMMOCTH.

[0069] B coorBeTrcTBUM C OAHUM BapUAaHTOM OCYIISCTBJICHHMS HACTOSIIETrO
n300peTeHnsT TOYHYK0 OLEHKY VAEIbHOM MNPOBOAMMOCTH TIIMHHCTBIX KOMIIOHEHTOB B
COCTaBHOM ITIACTE MOXKHO HCIONB30BaTb IPH ONPENETICHHH 3JIEKTPUUECKOr0 OTKJIMKA
METOJOM IMPSIMOTO YHCIEHHOTO MOJETHPOBAHHS 00BEMHOr0 M300paKeHHUs! TOPHOM TOPOBL.
Ha ¢ur. 7 mokazan oOmuii mpouecc OLEHKH CBOIMCTB Marepuana ¢ MOMOLIBI0 LU(PPOBOTO
YHCJIOBOTO MOJETUPOBAHMSI B COOTBETCTBHMH C BAPUAHTAMH OCYILECTBIEHHS HACTOSILETO
n300peTeHusL.

[0070] Ouenka HaumHaercss co craguu 200 mOAroTOBKH oOpasia, HAa KOTOPOM
MOJTy YaloT Mpo0y M3ydaeMoro miacta u obopasen npoObl roToBsT 11 aHammu3a. [1pody miacra
MOKHO MOJYYHTH JIOOBIM M3 TPAIULUOHHBIX CIOCO00B. B Hedrera3zoroii mpoMBIIITEHHOCTH
poOy, KaKk IPaBIJIO, MOIYYAI0T BO BpeMsi OypeHHsI pa3BeJOUHBIX U JOOBIBAIOIINX CKBAKHH, &
TaKke OHH MOTYT OBITh IOIYYEHBI M3 LEIbHOTO KEePHA, KepHOB, OTOMPAaEMBIX U3 CTEHOK
CTBOJIA CKBKWHBI, OOHAKEHHBIX MOPOJ M OO0JOMKOB BBIOYPEHHOU MOPOABI, aTbTEPHATHBHO
mpoOpl MOTYT OBITH MONYUYEHBI B JaOOpaTOpUM M3 CHHTE3UPOBAHHBIX OOpA3LOB TOPHOM
MOPOJBI, TAKUX KaK MecuaHble NPOoOKM W LeMeHTUpoBaHHBIE mpoOku. B coorBercTBum C
BapUAHTaMH OCYIIECTBICHHS HACTOSILIEro N300peTeHns Iopoaa, U3 KOTOPOH B3sita mpoda, He
BCErga MOKeT OBITb BBICOKO KOHCOMMIMPOBAHHOW, TOCKOJBKY OyJeT coIepiKath
KOMOMHALIMIO IOPOABI (HAmpUMep, MeCYaHNK) BMECTe C ITMHOU U JPYTHMH 3epHUCTBIMH HIIH

ocamouHbBIMH MatepuaiamMu. Takum oOpazom ctamuio 200 MOATOTOBKH CIEAYET BBIIOTHSTH
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TakuM 00pazoM, 4ToOBI CYIIECTBEHHO HE MOBIUSTH HA CTPYKTYPY ILTACTA, U3 KOTOpOoro Oyaer
Opatbcs obpazerr.

[0071] Ha craauu 202 cucrema 28 ¢dopmupoBanus uzodpaxenuii (gur. 1) momyuaer
meyxmepubie (2D) wmu  Tpexmepubie (3D) wusoOpakeHHss WA APYTHE MOIXOISIINE
MpeACTaBIeHus] u3o0paxkeHuii odpasia rOpHOM MOPOAbI, MOArOTOBIeHHOro Ha craauu 200.
Otn n300pakeHus] W MPEICTABICHUS, NMONYYEHHBIE Ha craauu 202, COAEp:KaT ACTATbHYIO
nHbOpPMAIMIO O BHYTPEeHHeH CTpyktype oOpasmos. [Ipumepom ycrpoiictBa 00paboTku
M300paKEeHU, HCMOIB3yeMoro Ha cramuu 202, SBISIETCS PEHTTEHOBCKUI KOMITBIOTEPHBIH
tomorpad (KT), Tvm, KOHCTPYKUHMSI U ApyrHe aTpudyThl KOTOPOTO COOTBETCTBYIOT JTIOOOMY
PEHTI€HOBCKOMY YCTPOUCTBY, C MOMOIIBI0 KOTOPOTO MOXKHO MOIYUYHTh H300paKeHHe
BHYTpEeHHeU CTPYKTyphl obpasuna ¢ TpedyeMoii paspernaromieil criocoOHoCThI0. Hampumep,
MOKET OBITh TOJYUYEHO MHOXKECTBO IBYXMepHBIX (2D) Tomorpaduueckuii m3zoOpakeHUit
oOpasna, KkoToprle Oy AYT OTIPABIEHBI B KOMIBIOTEPHYIO cucTeMy 20, KOTOpast 3aTeM CTPOUT
Tpexmeproe (3D) obwvemHoe mmppoBoe M30OpakeHHME COOTBETCTBYIOMIEro oOpasma. Kaxk
OBLTO OmMcaHO BbIe, cucTeMa 20 MOXKeT ObITh BBIIOJHEHA JIOOBIM CIIOCOOOM, HAIpPHMEP,
KaK HACTOJbHBIM KOMITBIOTED HIM pabodyas CTaHIUS, HOYTOYK, CEPBEPHBIM KOMIIBIOTED,
TUTAHIITETHBII KOMITBIOTEp WA T.II. C ,E[OCTaTO‘-IHOﬁ BBIUHMCJIUTEILHOMN MOIIHOCTBKO JIs1
BBIITOJTHEHUS! TpeOyeMol oneparuu.

[0072] KoHkpeTHEIE TpaAUIMOHHEIE METO I MOayYeHus! U 00padotku 3D 00BeMHBIX
UG poBeix H300pakeHuit oOpasua Ha craguu 202 OpeayCcMaTPUBAIOT, KPOME MPOUEro,
PEHTT€HOBCKYID TOMOTpaduio, PEHTIeHOBCKYI0 MHKPOTOMOrpadHio, pPEeHTTeHOBCKYIO
HAaHOTOMOTpaQHio0, CKAHUPYIOUIYIO OJIEKTPOHHYI0 MHKPOCKONMHIO  ChOKYCHPOBAHHBIM
HMOHHBIM ITyYKOM, SIAEPHBIM MATHUTHBINA PE30HAHC MJIH HEUTPOHHYIO TOMOIPadHIo.

[0073] OObemHOe wu300paxkeHue, MoayueHHoe Ha craauu 202, Kak MPaBUIIO,
oOpasyercsl TPeXMEPHBIMU PEryJISIPHBIME SJIeMEHTaMH, Ha3bIBAEMBIMU dJIEMEHTaMH o0bema
WIH «BOKCENISIMIY, KAKIBIH M3 KOTOPBIX XapaKTePU3YeTCs CBSI3aHHBIM YHCIOBBIM 3HAYEHUEM
WIH aMIUTATY JOH, KOTOPOE OMHCHIBAET OTHOCHUTEIbHBIE CBOWCTBA MaTepraia H300paKeHHOTO
oOpasiia B TOYKax mpexacraBasieMoii cpeapl. Ha craamu 210 BBIYMCIUTENBHOE YCTPOUCTBO
BBIMOJTHSIET CErMEHTALMI0 WIH APYTYK) METOAUKY VIYUIISHHS OObEMHOr0 IU(POBOro
nzo0paxkeHus: oOpas3ua IjIsl BeIJSISHHUS 1 MApKUPOBAHHUS Pa3HBIX KOMIIOHEHTOB B OOBEMHOM
n3obpaxkenun. Hampumep, Ha craauu 210 cerMeHTanuud MOryT OBITh MISHTH()HULIHAPOBAHBI
IIOKA3aTCIbHBIC KOMITOHCHTBI ynpyrocTu, BKJTHOYAsT mOpoOBOC IMPOCTPaHCTBO u
MUHEPATOTHUYCCKUE KOMIIOHCHTBI (Haan/IMep, T'JIMHBI U KBapL[), KOTOPBIE MOI'YT BJIUATHL Ha

XapaKTepUCTUKH 00pa3na.
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[0074] B cooTBeTCTBHHU C 3THM BapUAHTOM OCYLIECTBICHHS HACTOSILEr0 H300peTeHust
3areM cucremMa 20 BemojgHseT craguio 210  cermeHTanMHM IS MACHTU(DUKALIH
MoKasaTeNnbHeIX (ha3 MaTepuana oOpasiia, IPEeACTaBIEHHBIX B OOBEMHOM H300paKeHHUH,
HaIpuMep, MPEeACTABIISIOMNX TaKie COCTABISIIONINE MaTepraia, Kak mopoBOe MPOCTPAHCTRO,
TJIMHUCTBIC (l)paKLII/II/I " OTACJIBHBIC 3€PHA U MUHEPAJIBL KOHerTHbIﬁ AIrOpUuTM CETMCHTALUN,
NPUMEHSIEMBI B BBIYHUCIUTEIBHOM YCTPOHCTBE Ha craguu 210, MOXKET 3aBHCETb OT TOrO,
Kakoil TpeOyeTcs MpOBECTH aHAIM3, U OT CIOKHOCTH ropHOi mopoasl. Camoil mpocToit
(hopMOIi cerMeHTaUuH SBISETCS «IMOpOroBas 00paboOTKa», COITaCHO KOTOPOil BOKCETH C
OIMHAKOBBIMHM aMIUTUTYAaMH COOUpalOT B Tpynmbl TpaauimoHHBIH crnocod o6paboTku
n300pakeHuit Uis yaydlneHns 00beMHOT0 H300paKeHusl, OCIA0NeHus yMa U T. A. MOXKET
OBbITh BKJTIOUEH Ha ctaauu 210.

[0075] B coOoTBEeTCTBHHU C ITHM BapHUAHTOM OCYLIECTBJIEHHS HACTOSILEr0 H300peTeH st
Ha cragud 210 cerMeHTauWy HASHTU(QULMPYIOT M BBLASTSAIOT MO MEHBLIEH Mepe TpHU
nokaszarenbHble (paspl Marepuaga, a WUMEHHO IOPOBOE MPOCTPAHCTBO, 3€PHA IOPOJBI H
TJIMHUACTBIE MuHepanbl. Ha ¢ur. 6a u 6b mokaszaH npumep BbImOmHeHUs craguu 210
cermeHTaimd. Ha ¢ur. 6a moka3aH mpuMep pPEHTTEHOBCKOTO MHKPOTOMOTpaduieckoro
n300paKeHUs] MeCYaHuKa, COAep:Kallero KOMIIOHEHTHl IIIMHUCTOTO MHUHepana, TakHe Kak
KAOJNIMHUT, 4 TaKXKe C TBepAbIMH 3epHaMu kBapra. Ha wmzobpaxkenunm cormacHo ¢ur. 6a
MOPOBOE TPOCTPAHCTBO MOKA3aHO TEMHBIMH OONACTSMH, a 3epHAa KBapLa W IJIMHUCTHIS
KOMITOHCHTHI IIOKa3aHbl Pa3/JIMYHBIMUA MPOMEKYTOUYHBIMU OTTCHKaMU CEPOro (CBeT.]'IO-CepI:-IM
useroM o0003HaueHbl 3epHa KBapua). Kak mpaBmio, NpPOCTPAaHCTBEHHOE pa3pelleHue
PEHTTEHOBCKOTO MHUKPOTOMOTPa(pUUECKOro M300paXeHus, KaKk Ha Qur. 6a, cOCTaBIsgeT OT 1
I0 5 MHKPOH, YTO O3HAYaeT, 4YTO TEKCTypa, KOH(HUIypalys M CTPOSHHE TJIMHUCTBIX
MHUHEPATIOB HE BHIHBI B 3TOM MacmTade. bojiee Toro, sipkocTe Ha W300paKEHUH COTJIACHO
¢ur. 6a MeHseTcss B HEKOTOPOH CTelmeHH HENpPEepbIBHO, YTO YCIOXKHSET U 3aTpyIHSeT
uucnoBoi ananu3. Ha craguu 210 cermeHTanuu pa3iudarT HOPOBOE MPOCTPAHCTBO, TBEPIbIS
3epHa W IJIMHHUCTBHIE KOMIOHEHTH. Ha ¢ur. 6b mokaszan mpumep mpuMeHeHHs pesyJbTaToB
cramun 210 cerMeHTaUMM HAa PEHTTEHOBCKOM MHKPOTOMOTpahUIeckoM HU300pOKEHUH
cornacHo ¢wur. 6a, rae Tpu (Gasel NpPeICTaBICHBl CIEAYIOUMM 00pa3oM: YepHBIM IIBETOM
MOKA3aHO TMOPOBOE HPOCTPaHCTBO 90, OempIM LBETOM IMOKA3aH KBAPL WIN APYrod TBEpPABIHA
3epHUCTBIM MaTepuand 92, a MPOMEKYTOUHBIM CEpPhIM — TIJIMHUCTbIE KOMIIOHEHTHl 94. B
LesioM, Kak ObUTO yKazaHo Bbile, Mt craguu 210 cerMeHTay UCIOIb3yeTCsl TPEXMePHOe
o0beMHOe n300paskeHue, moaydeHHoe Ha craguu 202.

[0076] B coorBeTcTBHHU C 3TUM BapUAHTOM OCYLIECTBICHHS HACTOSIIETr0 H300peTeHHsI
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OLEHKY YAEJbHOW NPOBOAMMOCTHU TJIMHUCTBIX KOMIOHEHTOB 94 BBINMOIHSIOT Ha ctaguu 100.
Kax ObL10 ONMMCaHO BBINIE, MPeanoiIaraeTcs, uto Ha craguu 100, OMUCAHHOW CO CCBLIKOM Ha
¢ur. S5, BHIMOTHSAIOT O(PPEKTHBHYI OIEHKY YJIENbHOW MPOBOIMMOCTH TIMHUCTOTO
komroHeHta 94 B oOpasiie, MOATOTOBIEHHOM H H300paxkeHHOM Ha craausx 200 u 202.
OaHako Takke WPeNroaraeTcs, YTOo B O3TOM BapUAHTE OCYIIECTBICHHUS HACTOSIIETO
n300peTeHns ATbTEPHATUBHO MOTYT HCIIOMB30BATHCS APYTHE MOAXOABI TSl U3MEPEHUsS U
OLIEHKM YJENbHOW MPOBOAUMOCTH B TJIMHHCTOM KOMIIOHEHTe 94; OJHAKO OXKHMAAETCS, UTO
TPAIUIMOHHBIE TTOAXOALI OLIEHKH YAeTbHOW MPOBOIUMOCTH CHCTEM TJTMHHCTBIX MHUHEPAIOB
MEHee CTpPOTHe, MO3TOMY OHH IMPEeIOCTABJISIIOT B IIEIOM MEHEE TOUHBIE PEe3yJIbTAThl OIEHKH
VISTbHOW TMPOBOAMMOCTH, 4YeM OBbUT0 OMHUCAHO BBINIE CO CCHUIKOH HAa BapUAHTHI
OCYIIECTBIEHHUS] HACTOSIIErO H300OPETEHHSI.

[0077] Ha ocHOBaHUHM OLIEHKH YAEJbHOW MPOBOJUMOCTH, BBINOJTHEHHOM Ha CTaaud
100, BpmOAHSIOT cTraguio 215 a1 Ha3HAYEHUs] OTHOCHUTEIBHOTO 3HAYEHHUsI  yISJbHOMU
MPOBOAUMOCTH W TJIMHUCTBIM KOMIIOHEHTaM 94 B CErMEHTHPOBAHHOM OOBEMHOM
n3o0pakennd. Kak OBUTO ONKMCAHO BBIIIE, NPH IPOBEIAECHHH TPAIUIIHOHHOTO aHAIHM3A
YIENbHOTO COMPOTUBIEHUs KpUCTAIbl 92 kBapiia (WM APyroro TBEPAOrO Marepuasa)
XapaKTEPU3YIOTCSl HYJIEBOW YIENBbHOH MPOBOAMMOCTBIO, TOTAA KaK JKUIKOCTH B MOPOBOM
npocTpadcTee 90 xapakTepusyercsi BBICOKOH yASIbHOU NPOBOJUMOCTBIO; COINIACHO OLEHKE,
BBINIOJTHEHHON Ha craguu 100, TIMHUCTBIE KOMIIOHEHTHI 94, Kak MpPaBWIO, SIBISIOTCS
NPOBOJSIIIMMH, HO B MEHBIIEH CTENEeHH, YeM >KUJIKOCTb B IOPOBOM mpocTpaHcTBe 90. B
COOTBETCTBHM C OTHUM BApPUAHTOM OCYIIECTBJEHHSI HACTOSINErO H300pPETeHUs 3HAUCHUE
OTHOCHUTENBHOUN yIEIbHON NPOBOAUMOCTH W, HA3HAUYEHHOE INIMHUCTBIM KOMIIOHEHTaM 94 Ha
craquu 215, OTpakaeT OLCHEHHYI YIACIbHYK) HPOBOAMMOCTh IJIMHBI B CPAaBHEHUU C
yIeNbHOU TPOBOAUMOCTBIO JKUAKOCTH. [ ImacToBbiit koad puiiuent F, BeruucieHHbI COrIacHO
MPUBEISHHOMY BBIIIE OMHCAHO, MOXKET OBITH OCHOBOH, HampuMep, STOr0 3HAUSHUS
OTHOCHUTETBHOH yJEeNbHOW MpPOBOAMMOCTH W. 3areM Ha craguu 210 3T0 3HaueHuHe
OTHOCUTEJIBHOW yJeIbHOH MPOBOAMMOCTH W HA3HA4YalOT KaXIOMy M3 BOKCElIeH,
MPEACTABISIIOIINX [JIMHUCTBIE KOMIIOHEHTHI 94 B CErMEHTUPOBAHHOM OOBEMHOM HH(POBOM
n300pakeHun. Be3yCcnoBHO, €CTU TVIMHHUCThIE KOMIIOHEHThI 94 B 00BEeMHOM H300pakeHUH
MpeICTABISIOT Ooee ueM OAWH BHJ IJIMHBL Ha ctaauu 100 omeHka yaenpHOH IPOBOAUMOCTH
MOKET MPOBOJWTHCS OTAENBHO IJIsi pPasHbIX (pa3 TIHHBL, a Ha craguu 215 Moxer
MPUMEHSITECS B BUE PA3HBIX 3HAUEHUN OTHOCUTENBHOU Y IeIbHON MPOBOAUMOCTH W.

[0078] Ha cragum 220 BbiuucauTenbHas cucreMa 20 BBINOIHSIET NPSIMOE YHMCJICHHOE

MOIACIUPOBAHUC IJII aHAIU3a OAHOI'0 WM HECKOJIBKHX (I)I/ISI/IIICCKI/IX CBOICTB 06pa3ua, Kak
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MPABUJIO, TOCPEACTBOM YKCIOBOIO AHAIN3Aa CErMEHTHPOBAHHOTO OOBEMHOTO LHU(POBOToO
m3obpakenust. CBolicTBa, ompenensieMble Ha cragua 220, BKIIOYAKOT H3Y4YaeMbIE
nerpodu3nueckne CBOICTBA, KOTOpbIE HANpPSIMyH HJIM KOCBEHHO CBSI3aHBI C YIETBbHOM
MIPOBOAUMOCTBIO TVIMHUCTBIX KOMIIOHEHTOB 94, Takme Kak IOPHCTOCTh, IUIACTOBBIH
ko3 PuIrieHT, mokazaTenb LEMEHTAUWH, NO0Ka3aTelb YJASIbHOrO  CONPOTHBIICHUS,
ko3 punpenT yanmuHeHus mpodera, mokas3arelb HACHILEHHS W T. I DTU NeTpoU3nIecKue
CBOMCTBA MOYKHO OLIGHHTb C TIOMOIIBIO COOTBETCTBYIOINEH OMCKPETHU3ALUH BCEroO
CEerMEHTHUPOBAHHOTO OOBEMHOr0 LU(PPOBOrO H300paKEHHS WJIH CETKH H3MEHSIOLIErocst
IIOPOBOT'0 TPOCTPAHCTBA M TIVIMHUCTHIX KOMIIOHEHTOB, B COUETAaHWU C COOTBETCTBYIOLIUM
YUCIOBBIM  MOJEIMPOBAHMEM, HANpUMEpP MPSIMBIM  YHCIEHHBIM  MOJEIUPOBAHUEM
3JEKTPUUICCKON yAETBHONU MPOBOIUMOCTH JJIsI ONIPEETICHUS SJEKTPUUSCKUX CBOUCTB FOPHOU
nopoael. [ onpeneneHus HEKOTOPBIX M3 ITHX MEeTPOPU3HMUECKUX CBOUCTB Ha craguu 220
TaKKe MOXKeT HMOTPeDOBATHCS BBINOJIHUTH YHCIOBOE MOAEIHPOBAHME METOJAMH KOHEUHBIX
3JIEMEHTOB, METOJAMH KOHEUHBIX pAa3HOCTEH, METOJaMH KOHEYHBIX OOBEMOB, METOIOM
perreTouHsIX ypaBHeHu# bompiMana wim Tr0O0BIX IPYTHX YHCIOBBIX MOAX010B. Hampmwep,
Ha ¢ur. 6C MOKA3aHO BBIUKCIEHHWE IUTACTOBOrO Kod(pduuueHTa i Tpex PasHbIX
[JIMHOHOCHBIX TIE€CKOB METOAOM IIPSIMOTO YHCIEHHOTO MOJEIMPOBAHMSL, TAE Y TIMHHUCTBIX
KOMIIOHEHTOB 94 €CTh Ha3HAUEHHBIE Y IENbHbIE TPOBOAUMOCTH.

[0079] B coOTBETCTBHHU C ITUM BAPHAHTOM OCYIIECTBIEHHUS HACTOSINETO H300peTeH S
MIpeAnoaraercs, 4ro TPAAWUIHOHHBIE IUArpaMMbl KapoTaka IO METOAy CONMPOTHBISHHS
MOTYT HCHONB30BaThcsl Aasl Oonee CIOKHBIX CTPYKTYP IUIACTOB, BKJIIOYAS IUIACTBI C
KOMIIOHEHTaMH TJIMHUCTOI'O0 MHHEpanta, M MOTYT MPENOCTABISTh TOYHBIE PE3yJNbTAThl I10
BOKHBIM TEeTPO(U3MUECKUM CBOMCTBAM, TAaKMM KakK MOPUCTOCTb, BOJOHACHIIICHHOCTE,
[JIMHUACTAsT Qpakiysi W T. 1., B YACTHOCTH, €CJIM yJelbHasl NMPOBOAUMOCTh OLIEHHBAETCS B
COOTBETCTBHH C BAPUAHTAMH OCYIIECTBICHUS HACTOSIIEr0 H300pPEeTeH s, ONMCAHHBIMHY BBILIE.
Taxxe mpexycMaTpUBaeTCsl aHATU3 BO3AECHCTBUS BTOPUYHBIX MTPOLIECCOB BOCCTAHOBISHUS HA
IUTACTBL, /151 KOTOPBIX MOy YeHbl AUarpaMMbl KAPOTaska IO METOAY CONPOTHBIEHHUSL

Saxmouenue

[0080] Kak ObuTIO OMMCAHO BBIIIE, B COOTBETCTBUH C BAPUAHTAMHU OCYIIECTBICHHS
HACTOSIILET0 H300peTeHus] MpenoCTaBIseTcss Cmocod W CHCTEMa TOYHOW  OLEHKH
3JEKTPUYECKOr0 OTKJIMKA TJIMHUCTBIX MHHEPATIOB M IECKOB, COJAEpKAIMUX INIHMHUCTHIE
MHHEPAJB, Ha OCHOBE (H3MUECKHX MEXaHU3MOB, MPOUCXOISIIUX HA MOJEKYISIPHOM YPOBHE.
[Npexnonaraercs, 4TO0 BO3MOXKHOCTH MPOBEASHHS STHUM CIIOCOOOM aHATH3a HAHOPA3MEPHBIX

MaTepuajlIoB, TAKUX KaK I'N'TUHUCTBIC MHUHEPAJIBIL, 6}7,[[6’1‘ HCIIOJIB30BAaTLCA OJI IIUPOKOIro psiaa



30

TIUHUCTBIX ~ CTPYKTYpP, TOMHMO OINHCAHHBIX BBINIE MPUMEPOB  MUPOQUILTUTOBOM,
MOHTMOPH/LIOHUTOBON W KAOJUHHUTHOW, MOCKOJBKY OJAMH M TOT K€ MOAXOA MOAXOAUT ISt
IUPOKOrO psiJa MOJCKYISPHBIX MOJAEAEH IVIMHUCTBIX MHHepaioB. bmaromapst Takoi
BO3MOKHOCTH MOKHO OYAET Jydllle MOHSITh MPUHIMI ASHCTBHS APYTHX AHATATHUSCKUX
MHCTPYMEHTOB, TaKUX KaKk WM3MEPEHHsS] TNPSIMBIM  YHCJAEHHBIM  MOJESTUPOBAHUEM
NeTPoPU3NUESCKUX CBOMCTB 0Opasla MOJ3eMHOr0 IUIACTA, KOTOPBIH COAEPIKUT TIMHUCTHIE
MHUHEPATBI, W pa3paboTka W aHAIU3 IJIacTOBOrO Kod3(p(dHUIMeHTa COCTaBHBIX ILIACTOB,
COJEPIKAIIUX HAHOPA3MEPHBIE KOMIIOHEHTBI, TAKHE KaK TJIMHBL

[0081] XoTs HacTosiiee U300peTeHHe OBLIO OMMCAHO CO CCBLUIKOW HA KOHKPETHBIE
BAPUAHTHI €r0 OCYIIECTBJCHUS, CISAYyEeT MOHUMATh, YTO OTH BAPHAHTHI OCYIIECTBIICHUS
MOTYT OBITb MOJU(DHUIUPOBAHBI MM MOTYT WUMETh ATbTEPHATHBHBIE BAPUAHTBHL, U TaKHe
Momu(pUKAIMKM W  AJIbTEPHATUBHBIE BapHUaHTBl, OOECIEUMBAIOIINE MPEUMYILIECTBA U
OnaronpusitHeie 3(h(HeKThr, OyAyT OUEBUIHBI CIISHHATUCTAM B 00JACTH TEXHUKH HACTOSIIIETO
n300peTeHns TOCIe O3HAKOMJIEHHS C €r0 pacKpeiTHeM u ¢urypamu. [Ipeamonaraercs, 4to
Takie MOJU(PUKALMK | aIbTepHATHBHBIE BapPUAHTHI BXOJIT B 00bEM HACTOSIIErO

n300peTeHus], OnpeAeIeHHbIA mpruiaraeMon (popMy 10 H300pETeHus!.
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POPMYJIA U3OBPETEHUA

1. Crioco0 mprMeHeHHs! KOMIBIOTEPHOU CHCTEMEI IS BBIYUCIEHUS DIIEKTPUUECKOM
yIeTbHOW TPOBOAVMOCTH B TJIMHUCTOM MHHEpajie, NpeayCMATPUBAIOIINANA CIexyIoIne
CTa uu:

MIOCTPOEHUE MOJIEKYISIPHOTO IPECTABIEHHS IIMHUCTOr0 MUHEpania, COCTOSIIEro u3:

0e3BOHON CTPYKTYpBI aTOMOB, PACHOJOKEHHBIX BO MHOMKECTBE MapaLISTBHBIX
clioeB, mpuueM Oe3BOAHAS CTPYKTYpa COAEPIKHT YUYACTKH, 3aMEINAIOIINe aTOMbI METalia B
CTPYKTYpE B KOHLIEHTPALKH, COOTBETCTBYIOIIEH BRIOPAHHOHN IIIOTHOCTH 3apsija,;

MIPOTUBOMOHOB IO MEHBIIEH Mepe OAHOTO BHJAA, PACIOIOKEHHBIX B MEKCIOHHOM
NPOCTPAHCTBE MEXKIY CIOSMH Oe3BOIHON CTPYKTYPBI, B KOHLEHTPALMH, COOTBETCTBYIOIIEH
B};IGpaHHOI‘/'I IUIOTHOCTH 3apsiaa, u

MHO)KECTBA MOJIEKYJI BOJBI, PACIIONIOKEHHBIX B MEKCIOHHOM ITPOCTPAHCTBE;

HA3HAYEHHWE MapaMeTpPoB CHJIOBOIO MO MOJEKYISPHOMY MPEICTABIEHHIO B
COYETaHNH C TPAHUYHBIMU YCJIOBHSMH, COOTBETCTBYIOINIMMH BBIODAHHOMY JABICHHIO H
TEMIIEpAType IITUHUCTOrO MUHEpAJIA,

34TEM TMPUMCHCHUEC KOMHI:IOTCpHOﬁ CUCTCMBI JIsI BBIIIOJIHCHUSA MOIACINPOBAHUS
METOJOM MOJEKYJSIPHOH JWHAMMKH YPAaBHEHUH [ABWKEHMSI 34 MWHTEPBAT BpPEMEHH
MOJENUPOBAHUS AJIS1 OIPEENeHus] KOOPIUHAT MOJOKEHHSI MPOTHBOUOHOB B MPEICTABICHUH
BO MHOXE€CTBE MOMCHTOB BPEMCHH 34 UHTEPBAJI BpEMCHU MOICTIUPOBAHMS,

BBIUUCICHUC Ha OCHOBAHWM KOOPpAUWHAT TIOJIOXKECHHUA BO MHOXCECTBE MOMCHTOB
BpemMeHn ko3p¢dunuerToB camoaudysuum  UIT  OJHOTO WM HECKOJIBKHUX  BHJIOB
MIPOTUBOUOHOB H

3aTeM BBIYHUCJIICHHUEC HOHHOU IIPpOBOAUMOCTH st BAUJA  IPOTUBOMOHOB u3
k03¢ GUIMEeHTOB camMoau( (hy3uH.

2. Cnocob6 mo m. 1, B KOTOPOM CTamusl OCTPOSHHS MOJIEKYJISIPHOTO IPEICTABICHHUS
peay CMaTpHBAET:

o0pa3oBaHHE DJIEMEHTAPHOW SIUEHKH TMpPEICTABIEHHs, COIepiKalleil  aToMBL
COOTBETCTBYIOIIME YACTH IO MeHbIIell Mepe OJHOro Ccios, M coJepiKamed uacTb
MEKCJIIOHHOr0 MPOCTPAHCTBA, U

pa3MellleHHe MHOXKECTBA JJIEMEHTAPHBIX SYeeK B MPEICTABICHHM CBEPXbSUEHKH
TIIMHUCTOI'0O MUHEPaJIa.

3. Cnoco® mo m. 1, B KOTOPOM TIIMHHCTASI CTPYKTYpa MPEACTABIEHHUSI COOTBETCTBYET

KAOJIHMHUTY .
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4. Croco® no m. 1, B KOTOPOM IJIMHHUCTASI CTPYKTYPa MPEACTABIEHNUS COOTBETCTBYET
TJIMHE, BBIOPAHHOW M3 TPYTIIBL, COCTOSIIEH U3 MOHTMOPWIOHUTA U MUPOQHILIUTA.

5. Cnocob mo m. 1, B KOTOPOM MHOMKECTBO MOJEKYJ BOJABI PAcHONArarmT B BUIE
OJHOTO, JIBYX WJIH TPEX CJI0EB MOJIEKYJI BOJBI, Pa3MEIeHHBIX B MEKCIOWHOM MPOCTPAHCTBE.

6. Cioco0 mo m. 1, B KOTOpOM BBIOpAHHBIE 3aMEIIAIONIUE YUACTKH MPEACTABISHBI
HOHAMH MArHUsL, 3aMEHSIIOIIIMH aTOMBI TFOMUHHMS B OKTA3IPATBHOM JIACTE.

7. Cioco® 1o 1. 6, B KOTOPOM BHA IIPOTHBONOHOB IPe Iy CMAaTPUBAET HOHBI HATPHSL

8. Cioco6 mo 1. 6, B KOTOPOM BHJ MPOTHBOHOHOB MPEAYCMATPUBAET HOHBI KATBLIHSL

9. Cnocob mo m. 1, B KOTOPOM CTaIysl MPUMEHEHHSI KOMIBIOTEPHONH CHCTEMBI IS
BBIITOJTHEHHUSI MOASTHPOBAHHS METOAO0M MOJIEKYJISIPHOM TUHAMUKH MPEIyCMaTPUBALT:

BBIUNCJICHUE JABIDKGHHUSI NPOTHBOMOHOB B MOJEKYSI[PHOM IPEACTaBISHUH BO
MHOKECTBE MOMEHTOB BPEMEHH 34 HHTEPBAT BpEMEHU MOJSTHPOBAHHS U

COXpaHeHHEe B MaMSTH KOMIBIOTEPHOH CHCTeMbI MOJOXKEHHH NPOTHBOMOHOB 32
HHTEPBAJI BPEMEHU MOJACIUPOBAHNSL,

[IPHYEM CTAIMSI BBIYUCIEHUS KO3 PuireHToB camotud By 3un Mpery CMaTPHBAET:

U3BJIEUEHHE W3 TMaMITH KOMIBIOTEPHOW CHUCTEMBI COXPAHEHHBIX MOJOKEHHUIH
MPOTUBOMOHOB, COOTBETCTBYIOIIMX MO MEHbLIEH Mepe momHadopy MHOXKECTBA MOMEHTOB
BpPEMEHH 32 HHTEPBAJT BPEMEHH MOJCIUPOBAHUSL,

BBIUHCJICHUE CPEJHEro 3HAYEHHMs] CMEIIeHUS] IPOTHBOMOHOB HA OCHOBAHUH
W3BJIEUSHHBIX MOJIOXKEHUI 1

BbIUHCIeHUE koddduumenta camoqudysnn a1l BUAa NPOTUBOMOHOB HA OCHOBAHUH
CPEIHEro 3HAYCHUS] CMEIEHHUSL.

10. Crioco0 1o 11. 9, TOMOIHUTENBHO MPEAY CMATPHBAKOIIAII:

mepex craiueil NpUMEHEHHS] KOMIBIOTEPHOH CHCTEMBI AJISl  BBIIIOJHEHHS
MOJETUPOBAHMSI METOJOM MOJEKYJSIPHOM IUHAMHUKHA OPTOTOHATH3ALUIO MOJEKYJISPHOrO
MPECTABICHHSL.

11. Cnoco6 mo 1. 1, B KOTOPOM CTaaus BEIYMCICHHUSI HOHHOW MPOBOIUMOCTH ISl BHIA
MPOTHBOMOHOB Ha OCHOBaHUH Kod(uitnerta camoguddysuu mpemycMaTpruBaer:

UCTONB30BAaHUE BBUMCICHHOrO Kod(h¢umuenta camomuddy3uu B COOTHOIICHUH
Hepncra-OitHmTeiina 1714 onpeaeaeHnst HOHHOM NPOBOAUMOCTH BUAA.

12. Crioco6 anaanza oOpasia ropHOi MOPOIbI, COASPIKAIIEr0 MIMHUCTBIN KOMIIOHEHT,
Hpe gy CMaTPUBAIOLIHIL:

OLEHKY YJEJbHOH NPOBOAMMOCTH TJIHHHUCTOrO KOMIIOHEHTa B o0pasue TOpHOU

MOPOJIBL;
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CerMeHTHpOBaHUe 0OBEMHOTO HUPPOBOr0 H300PAKEHUS], COOTBETCTBYIOILETO OJHOMY
WIN HECKOJbKUM TomorpaguuecKkuM H300paKeHusiM o0pasua TOPHOW NOPOABIL, IS
CBSI3BIBAHMS BOKCeENIeld 00BeMHOro IM(ppoBOro M300paKEHHs C MMOPOBBIM IIPOCTPAHCTBOM,
TBECPAbIM MaTCpHUATIOM WIH INTUHUCTBIM KOMIIOHCHTOM;

HA3HAUYCHHUC SHAYCHHUSI OTHOCHUTEILHOU y,[[eJ'II:HOfI MMPOBOAUMOCTHU BOKCECJISIM,
COOTBETCTBYIOIUM TJIMHHUCTOMY KOMIIOHEHTY, OTHOCHTEIBHO YJEJNbHOH NPOBOAUMOCTH
KHUIKOCTH, HAXOISIIISHCSI B TIOPOBOM IIPOCTPAHCTBE 00pasIa;

3aTeM YHCJIeHHBI aHATU3 MpeACTaBIeHus 00beMHOro HU(POBOrO U300pAKEHUS IS
OTpeJieNieHrs CBOICTBA MaTepruaia o0pasna ropHOH MOPOIBL

13. Cmoco6 mo m 12, B KOTOPOM CTaausl OLEHKHA YASTBHONH MPOBOIUMOCTH
[JIMHACTOIO KOMIIOHEHTA Mpe Ly CMAaTPUBAET:

MOCTPOEHUE MOJIEKYJISIPHOTO MPeICTABISHHUS IIINHICTOr0 MIUHEPAJIA, COCTOSIIIETO U3:

6e3BOHONM CTPYKTYPBI aTOMOB, PACIOIOKEHHBIX BO MHOXECTBE MNapajlIeNbHBIX
croes, npuyeM Oe3BOAHASI CTPYKTYpa CONEPKHUT YUACTKH, 3aMEINA0INNEe aTOMBI METalIa B
CTPYKTYp€ B KOHIIEHTPALUH, COOTBETCTBYIOIIEH BLIOPAHHOM IUTOTHOCTH 3apsiaa;

MPOTUBOHUOHOB I10 MEHbIIENH MEpe OAHOro BHIA, PACIIOJIOKCHHBIX B MEXKCIOMHOM
MPOCTPAHCTBE MEXKAY CIOSIMH OE€3BOTHOU CTPYKTYPBI, B KOHIEHTPAIMU, COOTBETCTBYIOIIEH
BBIOpPAaHHOI IUTOTHOCTH 3apsiaa, U

MHO>KECTBA MOJIEKYJI BOJBI, PACIIOIOKEHHBIX B MEKCIOMHOM IPOCTPAHCTBE;

Ha3HAUEHHWE TMapaMeTPOB CHJIOBOIO TONS MOJEKYJSIPHOMY TPEICTABICHUIO B
COUCTAaHUN C TPAHUYHBIMU YCJIOBUAMH, COOTBETCTBYHOIIUMU BI)I6paHHOMy JaBJICHHUID H
TeMIieparype INIMHACTOrO MUHEPANIa;

3aTeM IPUMEHEHHE KOMIIBIOTEPHOM CHCTEMBI Uil BBINOIHEHHs MOACIMPOBAHMUS
METOJAOM MOJIEKYJSIDHOM JUHAMHMKHA VPAaBHEHMM [BWJKEHUS 32 HHTEPBATl BpPEMEHHU
MOACIUPOBAHUS NI ONPEACTICHUA KOOPAUHAT MOJJOKEHUS NMPOTUBOMOHOB B MPEACTABJICHUN
BO MHOKECTBE MOMEHTOB BPEMEHH 32 MHTEPBAI BPEMEHH MOJETHPOBAHMUSI,

BBIUNCJICHUE HA OCHOBAHMM KOOPAWHAT TIIOJOKEHHUS BO MHOXKECTBE MOMEHTOB
Bpemenn kodpduiuentos camoaupy3uud  UiE  OJHOTO HJIM  HECKOJBKHX  BHIOB
IPOTUBONOHOB U

3aTeéM BBIUMCIEHHE WOHHOM TNPOBOXUMOCTH /IS BHAA IPOTUBOMOHOB W3
K03 purreHToB camMmoau(hy3HH.

14. Cnoco6 no m. 13, B KOTOPOM CTaaAusI HOCTPOSHHS MOJIEKYJISIPHOTO TPECTABICHHS
mpey CMaTPHUBAET:

o0pa3oBaHHEe SJIEMEHTAPHOW SUEHKH TMPEJCTABICHHUS, COJEp)Kalleil  aTOMBL
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COOTBETCTBYIOIIME YACTH IO MEHbIIeH Mepe OJHOrO Clos, W COAepKaiell 4vacTb
MEKCJIIOHHOr0 MPOCTPAHCTBA, U

pasMeIleHHe MHOKECTBA JJIEMEHTAPHBIX SYeeK B IPEJCTABICHHH CBEPXbSUEHKH
TJIHHACTOr'O MUHEpaIa.

15. Croco6 mo 1. 12, JONOTHUTENBHO TPy CMATPHBAFOIIUI:

mojgyueHne oO0bemHOro mmppoBoro wuzoOpakeHuss oOpasla TOPHOW TMOPOABI
MOCPEACTBOM OJHOTO M3 CIEAYIOIIEro: PEeHTTeHOBCKOH ToMOrpaduu, pPEeHTI€HOBCKOM
MHUKpPOTOMOTpa(uy, PEHTTeHOBCKOW HAHOTOMOTpaduu, CKAHUPYIOLIEH DJIeKTPOHHOM
MHKPOCKOTIMU C(HOKYCHPOBAHHBIM MOHHBIM MYUKOM, SIIEPHOTO MArHUTHOT'O PE30HAHCA HIIH
HEUTPOHHOI ToMOrpaduu.

16. Crioco0 mo 1. 15, B koTopoM 00paser; rOpHOH MOPOabl IPEACTABISET COOOM OIHO
U3 CIeAyIOLero. LeTbHBIA KEpH, KepHbI, OTOMpaeMble M3 CTEHKH CTBOJA CKBAKUHBIL,
OoOHaXXeHHbIE TOPOARL, OOIOMKH BBIOYpPEHHOH MOponbl, CoO3daHHBIE B Jaboparopuu
CHHTE3UpPOBaHHBbIE 00paslpl TOPHOH MOpPOXBL, NecYaHble NPOOKM M IEMEHTHPOBAHHBIC
MpOOKH.

17. Cnoco6 mprMeHeHus] KOMITBIOTepa AIsl BBIUMCISHHS TUIACTOBOrO K03(duimeHra
CHCTEMBI MOPOJBI, COXepKAlIeld TJIMHUCTBIA MHUHEpAT, MpeAyCMATPUBAIOLINN ClIeTyIOLIHe
CTaJWH:

NOCTPOEHUE IMPEACTABACHUSI MOJACIM MOJCKYJISIPHOU KUIKOCTHOM CHUCTEMBI,
coJeprKallei:

MHOJKECTBO 3JIEMEHTAPHBIX SUE€EK MOJEKYJSIPHOM SKHAKOCTH, 3allOJHSIOIIECH
BLIOpaHHBII 00BEM;

BHYTPEHHHE HOHBI, pACIOJIOKEHHbIE B oObeMe B 3aIaHHOW KOHIIHTpALWH,
COOTBETCTBYIOIIIEN BRIOPAHHOM MIOTHOCTH 3apsia;

Ha3HAUSHHE MPeICTABICHUIO MOAEIH NapaMeTPOB CUIOBOTO OIS,

3aTeM NpPUMEHEHHE KOMIIBIOTEPHOM CHCTEMBI Ui BBINOIHEHHS MOJCIHPOBAHMS
METOJ0M MOJIEKYJISIPHOH AMHAMUIKH ypPaBHEHUI ABIKEHHS 32 BEIOPAHHBIH HHTEPBAT BPEMEHH
IUTSL OTpeesieHus] KOOPAMHAT MOJOKEHUsI MHOXKECTBA BHJIOB B MPEICTABISHUH MOJETH BO
MHOKECTBE MOMEHTOB BPEMEHH 324 HHTEPBAJ BPEMEHU,

BBIUMCJICHUE HA OCHOBAaHMHM KOOPAWHAT IIOJIOKEHHS BO MHOXKECTBE MOMEHTOB
BpeMmeHu ko3 dupenToB camoandhy3uun A1t OAHOTO HIH HECKOJIBKHUX BHUJOB;

3aTeM BBIYHCJIEHHEe 00BbEMHOI yIenbHONH MPOBOAMMOCTH MOJEKYJISIPHON JKUAKOCTHOM
CHCTEMBI HA OCHOBAHHHU K03 durmeHTos camonuddysum;

OnpeacjICHue HOHHOU MPOBOAUMOCTH INTMHUCTOI'O MHUHEPAJIA,
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3aTeM BBIYHCJICHHE IIACTOBOro ko3 duiienTa kak OTHOIEHNsT 0OBEMHON Y IeIbHOM
MPOBOIUMOCTH MOJIEKYJISIPHOM KHUIKOCTHON CHCTEMBI K HOHHOW IMPOBOAUMOCTH TJIHHUCTOTO
MHHEpaIA.

18. Cmoco6 mo m 17, B KOTOpOM cCTagusl ONpeAeieHHs] HOHHOW MPOBOAUMOCTH
[JIMHUACTOrO MUHEpaIa peay CMaTPUBAET:

MOCTPOCHUE MOJIEKYJISIPHOTO MPEICTABICHHUS! IIIMHICTOr0 MIUHEPAJIA, COCTOSIILETO U3

0e3BOTHOW CTPYKTYpBI aTOMOB, PACHONOXKEHHBIX BO MHOXKECTBE Mapa/LISIbHBIX
clloeB, mpuyeM Oe3BOAHAS CTPYKTYpa COAEPIKHT YUYACTKH, 3aMEINAIOIINe aTOMbI METa/lia B
CTPYKTYpE B KOHLIEHTPALKH, COOTBETCTBYIOIIEH BRIOPAHHOHN IIIOTHOCTH 3apsija,;

MPOTUBOMOHOB IO MEHBIIEH Mepe OJHOr0 BHJAA, PACHOJIOKEHHBIX B MEKCIOHHOM
NPOCTPAHCTBE MEXKIY CIOSMH Oe3BOIHON CTPYKTYPBI, B KOHLEHTPALMH, COOTBETCTBYIOIIEH
BLIOPAHHOI ITOTHOCTH 3apsaa, 1

MHOKECTBA MOJIEKYJI BOJBI, PACIIONOKEHHBIX B MEKCIOHHOM MPOCTPAHCTBE;

HA3HAUCHHWE IapaMeTPoOB CHJIOBOIO TOJNS MOJEKYJSIPHOMY NPEICTaBICHUIO B
COYETaHNH C TPAHUYHBIMU YCJIOBHSMH, COOTBETCTBYIOINIMMH BBIODAHHOMY JABICHHIO H
TeMIeparype INIMHHCTOTO MHHEPAIA;

3aTeM NpPUMEHEHHe KOMIIBIOTEPHOW CHCTEMBI Uil BBINOIHEHHS MOJEIMPOBAHMUS
METOJOM MOJIEKYJIIDHOM JWHAMUKMA YPaBHEHWH JABW)KEHHS 3a HMHTEPBAT BPEMEHH
MOJISTTUPOBAHMSI IJIsl OIPEAEIeHUs] KOOPAUHAT IOJI0KEHHSI IPOTUBOMOHOB B IIPEICTABICHUH
BO MHOKECTBE MOMEHTOB BPeMEHH 33 HHTEPBAT BpeMEHH MOETHPOBAHHS,

BBIUMCICHHE HA OCHOBAHMHM KOOPAWHAT TIIOJOXKEHUS BO MHOXKECTBE MOMEHTOB
BpemMern ko3p¢dunuerToB camoaudy3uu  UIT  OJHOTO WM HECKOJBKHUX  BHIOB
MIPOTUBOUOHOB H

3aTeM BBIYMCIEHHE WOHHOH TNPOBOTUMOCTH [Jisi BHAA HPOTUBOMOHOB W3
k03¢ GUIMEeHTOB camMoau( (hy3uH.

19. Cucrema a7 aHanmu3a oOpa3loB MaTepuana, MPUIEeM CUCTEMA COASPKHUT:

cucteMy (GOpPMHpOBaHUS M300PAKEHHUH, BBHITOJHEHHYIO C BO3MOKHOCTBIO CO3NAHHMS
00BeMHOTO 1H(POBOTO H30OpaXKeHHs 00pasiia Marepuana,

KOMITBIOTEPHY ) CHCTEMY, COSTUHEHHYIO ¢ YCTPOUCTBOM 00pabOTKH M300paKeHH U
COJIePIKAILY O

OJIH W HECKOJIBKO IIPOLIECCOPOB U

OIHO WJIM HECKOJBKO 3allOMHUHAIOUINX YCTPOWCTB, COSAWHEHHBIX C OJHUM WA
HECKOJbKMMHU  MPOLIECCOPAMH, XPaHSIIKMX INPOTPAMMHBIE KOMAaHIBL, B  pe3yJbTare

BBIIOJTHEHUSI KOTOPBIX OJHUM HWJIW HECKOJBKHUMHU HOpoHeCcCopaMu OAUH WKW HECKOJBKO
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MPOIIECCOPOB AHATU3UPYIOT 00pa3el] rOPHOM MOPOABI, COASPIKAIIUN TITMHUCTHIA KOMITIOHEHT,
32 CUET BBINOJHEHUSI MHOKECTBA ONIEPALINH, IIPE Ny CMATPUBAIOLIHX

CerMeHTUpOBaHHe 0OBEMHOT0 (P POBOTO H300PAKEHHUSI, COOTBETCTBYIOIIET0 OTHOMY
WIA HECKOJbKAM TOMOrpapUuecKiM HW300paKeHusM o0pasla TOPHOM TOPOABIL, ISl
CBSI3BIBAHMSI BOKCENeld 00beMHOro Iu(ppoBOro m300paXKeHUs! ¢ MOPOBBIM MPOCTPAHCTBOM,
TBEPABIM MATEPHATIOM WIM TJIMHACTBIM KOMIIOHEHTOM C OLGHEHHOH YJeJbHOM
MPOBOAUMOCTBIO;

Ha3HAUEHWE 3HAUSHHWsS OTHOCHTEIBbHOW YJISNIbHOW MPOBOAUMOCTH  BOKCEISIM,
COOTBETCTBYIOIUM T[JIMHICTOMY KOMITOHEHTY, OTHOCHTEIBHO YJEJBbHOH NPOBOAUMOCTH
JKUIKOCTH, HAXOMSIIEHCS B IOPOBOM IPOCTPAHCTBE 0Opasma;

3aTeM YMCJICHHBIM aHAIN3 MPEACTaBICHUsT 00BEeMHOT0 U(POBOro N300paKEHUS s
oTpeJieNieHrs] CBOMCTBA MaTepraia oopasia ropHOU MOPOIBL

20. Cucrema mo m 19, B KOTOpPOH MHOXKECTBO OINEpAlMi JOMOJTHUTEIBEHO
Mpey CMaTPUBAIOT ONEPALMI0 OLEHKH YIEJBHON MPOBOAMMOCTH TJIMHHCTOI'O KOMIIOHEHTA
MOCPECTBOM BBINOJHEHHUS] MHOKECTBA OIIEPALMH, IIPEIy CMATPUBAIOIINX

MOCTPOEHUE MOJIEKYJISIPHOTO MPeICTABISHHUS IIINHICTOr0 MIUHEPAJIA, COCTOSIIIETO U3:

6e3BOHONM CTPYKTYPBI aTOMOB, PACIOIOKEHHBIX BO MHOXECTBE MNapajlIeNbHBIX
croes, npuyeM Oe3BOAHASI CTPYKTYpa CONEPKHUT YUACTKH, 3aMEINA0INNEe aTOMBI METalIa B
CTPYKTYp€ B KOHIIEHTPALUH, COOTBETCTBYIOIIEH BLIOPAHHOM IUTOTHOCTH 3apsiaa;

MPOTUBOMOHOB IO MEHBIIEH Mepe OJHOTO BHAA, PACHONOKEHHBIX B MEKCIOWHOM
MPOCTPAHCTBE MEXKAY CIOSIMH OE€3BOIHOWM CTPYKTYpPBI, B KOHLIEHTPALUH, COOTBETCTBYIOLIEH
BBIOpPAaHHOI IUTOTHOCTH 3apsiaa, U

MHO>KECTBA MOJIEKYJ BOJBI, PACIIOIOKEHHBIX B MEKCIOMHOM IIPOCTPAHCTBE;

HA3HAUSHHWE TMapaMeTPoOB CHJIOBOIO TONS MOJEKYJSIPHOMY TpPEICTABICHUIO B
COUETAaHNH C TPAHHYHBIMH YCJIOBHSIMH, COOTBETCTBYIOIIMMH BBIODAHHOMY JABJICHUIO H
TeMIIeparype IIMHACTOrO MUHEPANIa;

BBIIOJHEHUE MOJACTHPOBAHMS METOAOM MOJEKYSIpHOH JAWHAMUKHA YypaBHEHHUH
JBIDKEHUS 32 MHTEPBAT BPEMEHU MOJETMPOBAHMS ISl OMpeIeeH!s] KOOPAHHAT MOJTOKEHUS
MPOTUBOMOHOB B MPEICTABJIECHHH BO MHOKECTBE MOMEHTOB BPEMEHH 34 MHTEpPBAJ BPEeMEHH
MOJICTHPOBAHMSI,

BBIUNCJICHUE HA OCHOBAHMM KOOPAWHAT TIIOJOKEHHUS BO MHOXKECTBE MOMEHTOB
Bpemenn kodpduiuentos camoaupy3uud  UiE  OJHOTO HJIM  HECKOJBKHX  BHIOB
MPOTUBOUOHOB U

3aTeéM BBIUHCICHHE HOHHOM nNpoBOAUMOCTH  UIA BHIA TNPOTUBOMOHOB K3
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ko3¢ GHUIeHToB camoau(hy3um.

21. Cucrema a7s1 aHanmu3a 0Opa3oB MaTepuana, NPUIEM CUCTEMA COASPKHUT:

cucteMy (GOpMHpOBaHMS M300PAKEHHH, BBITOJHEHHYIO C BO3MOKHOCTBIO CO3TAHHMS
00BeMHOTO 1H(POBOTO H30OpaKeH s 00pasiia Marepuaa,

KOMITBIOTEPHY O CHCTEMY, COETUHEHHYIO ¢ YCTPOUCTBOM 00pabOTKH M300paKeHwi U
COJePIKAILY O

OJIH W HECKOJIBKO IPOLIECCOPOB U

OIHO WJIM HECKOJBKO 3allOMHUHAIOUINX YCTPOWCTB, COSAWHEHHBIX C OJHUM WU
HECKOJbKMMHU  MPOLIECCOPAMH, XPaHSIIMX TNPOTPAMMHBIE KOMAaHIBL, B  pe3yJbTare
BBITOJHEHUS! KOTOPBIX OJHUM WM HECKOJIBKUMHU HPOLECCOPAMH OIWH HIH HECKOJBKO
MPOLIECCOPOB  BBIUUCISIIOT ILTACTOBBIN  KO3((HUIMEHT CHCTEMBI TOPOABIL, COAeprKarieit
TJIHHUACTBIA MUHEpaJI, 32 CUET BBIOIHEHHS MHOKECTBA OTIEPALIFA, Py CMATPHBAKOLIHX

NOCTPOEHUE MPEACTABACHUS MOJAEIU MOJCKYISIPHOM JKUIKOCTHOM CHUCTEMBL,
COJEPIKALLCH:

MHOXKECTBO 3JEMEHTAPHBIX S[UEeK MOJEKYJSIPHOM JKHAKOCTH, 3aloJIHSIOIIEeH
BLIOpaHHBII 00BEeM;

BHYTPEHHHE WOHBI, pAaCHOJIOKEeHHble B oObeMe B 3aJaHHON KOHLEHTPALUH,
COOTBETCTBYIOIIEH BEIOPAHHOM IIOTHOCTH 3apsa;

Ha3HAUSHHE MPEICTABICHUIO MOAEIN NapaMeTPOB CUIOBOIO ITOJISL;

BBLIMOJHEHHE MOJETHPOBAHMS METOAOM MOJIEKYJSIPHOW JAWHAMUKH —YpaBHEHUIA
JBWJKEHUSI 32 BBHIOPAHHBIA WHTEPBAT BPEMEHH /ISl OMPEASICHUS KOOPIUHAT TOJIOKEHUS
MHO>KECTBA BHJOB B IIPEICTABICHHUH MOJEIN BO MHOXECTBE MOMEHTOB BPEMEHH 32 HHTEPBAT
BpEMEHH;

BLIUHCJICHHE HA OCHOBAHMHM KOODAWHAT TMOJOXKEHUST BO MHOXKECTBE MOMEHTOB
BpeMeHH K03 duimeHToB camoaudGy3uu st OJJHOTO WK HECKOJIBKUX BUIOB,

3aTeM BBIYMCIICHHE 00BbEMHOI yIenbHONH MPOBOAUMOCTH MOJICKYJISIPHOH JKUAKOCTHOM
CHCTEMEI HA OCHOBAHHUHU KOd(PUIMeHTOB camMoauddyzum;

omnpeJeeHne HOHHOW MPOBOANMOCTH [THHACTOTO MUHEPANa;

3aTeM BBIYHC/ICHHE TLIACTOBOrO KO3(uireHTa kak OTHOIIEHUS 00BEMHOMN yASIBHOMN
MPOBOIUMOCTH MOJIEKYJISIPHOH KHUIKOCTHON CHCTEMBI K HOHHOU IPOBOAUMOCTH TJIMHUCTOTO
MHHEpaIa.

22. Cucrema mo n. 21, B KOTOpOH omepamust OmpeaeieHuss HOHHOW MPOBOIUMOCTH
[JIMHUACTOrO MUHEpaIa peay CMaTpUBAET:

MOCTPOCHUE MOJICKYJISIPHOI'O MPEACTABICHUSA I'NTMHUCTOI0O MUHEpAaJIa, COCTOAIICTO 3.
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0e3BOMHON CTPYKTYPBhI aTOMOB, PACHONOXKEHHBIX BO MHOMKECTBE MapaISTIbHBIX
croes, npuyeM Oe3BOAHASI CTPYKTYpa CONEPKHUT YUACTKH, 3aMEINAOINNEe aTOMBI METa/lIa B
CTPYKTYPE B KOHLIEHTPALIUH, COOTBETCTBYIOIIEl BEIOPAHHOM MIIOTHOCTH 3apsia;

MMPOTHBOMOHOB 10 MEHBIIEH Mepe OJHOr0 BHAA, PACIOJIOKEHHBIX B MEXKCIONHOM
MPOCTPAHCTBE MEXKAY CIOSIMH O€3BOTHOU CTPYKTYPhI, B KOHIEHTPAIMU, COOTBETCTBYIOIIEH
BBIOPAHHOI IIOTHOCTH 3apsiaa, u

MHOKECTBA MOJIEKYJI BOJBI, PACIIOIOKEHHBIX B MEKCIIOMHOM MPOCTPAHCTBE;

Ha3HAUEHHWE TapaMeTPoOB CHJIOBOIO TONS MOJEKYJSIPHOMY TpPEICTABIESHUIO B
COUETAHWM C TPAHUYHBIMH YCIOBHUSIMH, COOTBETCTBYIOIIMMH BBEIODAHHOMY JABICHHUIO H
TEMIIEPATYPE TIIHHUCTOTO MUHEPAIIA,

3aTeM BBITOJTHEHHE MOJESIHPOBAHUS METOJOM MOJIEKYISIPHOH TMHAMUKH ypPaBHEHHI
JBIJKEHUSI 34 MHTEPBA BPEMEHH MOJESTUPOBAHUS JJISI OMPEAETIEHHS] KOOPIUHAT MOJ0KEHHS
MPOTHBOUOHOB B MPEJCTABJIECHUHA BO MHOXXECTBE MOMEHTOB BPEMEHM 33 WHTEPBAT BPeMEHHU
MOJISTHPOBAHUSI;

BBIUMCJICHHE HA OCHOBAHWM KOOPAMHAT IIOJIOKEHUSI BO MHOXKECTBE MOMEHTOB
Bpemenn kodpduiuentos camoaupysuud T OJHOTO HJIM  HECKOJBKHX  BHIOB
MPOTUBOUOHOB U

3aTeM BBIYMCIEHWE HWOHHOW TMPOBOAMMOCTH IS BHAA TNPOTHBOMOHOB W3

k03¢ puIreHToB camoaud hy3HH.
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