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JUI. TIPUMEHEHHUs] Pe3ylbTaTOB OLCHKM B MAaclITaDHOM aHanu3e. YIeNbHYI HPOBOJIMMOCTH TIIUHBI
MOXHO OLCHHTH, MOCTPOMB MOJIEKYJSIPHYIO MOJIebh O€3BOJAHOW IIMHBI C HEHTpaIbHBIM 3apsioM, a
3aTeM OMNPEACIMB IUIOTHOCTh 3apsaa MOCPEICTBOM 3aMCHBI MOHOB B MOJCIH TIIMHUCTON CTPYKTYPHI.
[IpoTHBOMOHBI BBOIAT [Uisi OOECleUeHHsT HEHTPaJbHOCTH 3apsloB, a MOJISKYIIBl BOIbI J00aBISIOT
B MOJENb Ul JOCTHXKSHUS BBIOPAHHOTO YpOBHS Tujaparanuu. Ilocie HazHavueHus Kod(pduIMeHTOB
CHUJIOBOTO TTOJIS BBIMOJTHSIOT MOJICIIMPOBAHUE METOIOM MOJICKYJIIPHOM TUHAMUKH IS IOy YCHUS TaHHBIX,
Ha OCHOBAHMHU KOTOPBIX MOXHO OLEHHUTH ko3(dduimentsr muddysuu. Vcrnoms3oBaHne COOTHOUICHUS
Hepucra-Diininteiina ¢ koadduimenramu  auddy3ur TPOTHBOMOHOB MO3BOJSIET Y3HATH HOHHYIO
MPOBOJAMMOCTh CHUCTEMBI TIIUHBI. DTy YACIbHYIO MPOBOAUMOCT MOXKHO HCIOJB30BaTh YIS MOMYUYCHUS
IUIaCTOBOTO KO3((UIIMEHTa 1 UCTIONB30BATh B aHAJIM3E IPSIMBIM YHUCIICHHBIM MOJEIHPOBAHUEM.
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PACYET YAEJHbHON MPOBOJANMOCTHA HAHONMOPUCTEIX MATEPHAJIOB

IlepexpecTHBIE CCHLIKH HA POJCTBEHHbBIE 3A5IBKH

[0001] CornacHo Hacrosiiel 3asiBKe HCTPALINBAETCS MPUOPUTET B COOTBETCTBUU C
3asBkoW Ha Bblmady matenta CIIIA Ne 14/566 520, mopmannoi 10 nekabpss 2014 r. mon
Ha3zBanueM «Estimation of Conductivity for Nanoporous Materials», koTopasi BKJIOYEeHa B
HACTOSILUM TOKYMEHT BO BCE€H MOJIHOTE MOCPEICTBOM CCHLIKH.

3ASABJIEHUE KACATEJIbBHO ®UHAHCHUPYEMBIX H3 ®EJIEPAJIBHOI'O
BIO/UKETA UCCJIEJOBAHUM U PASPABOTOK

[0002] B cootBerctBuu ¢ pgoroBopoM Ne DE-AC04-94A185000, 3akir04eHHBIM
mexxny Munncrepctsom  sHepretukun  CHIA  wu  kopmopamumeit  Sandia  Corporation,
npaBuTenbcTBO CoenuHeHHBIX IIITaTOB AMEpHKM HMMEeT IMpaBa Ha 3TO HM300peTeHHE IS

paboTel CaHAMICKUX HALMOHAIBHBIX JTAOOPATOPHIA.

IIpeanochbLIKH K CO3AAHMIO HACTOSIIEro N300 peTeHus

[0003] Hacrosiimee m3oOpereHne OTHOCUTCS K aHAN3y OOpa3IOB FOPHBIX MOPOI IS
ompesieIeH s NeTPOYU3NUECKIX CBOMCTB.

[0004] OcHoBOMONAararOIUM MPUHLKIIOM B He(Tera3oBoit 00sacTu sIBJSIETCS] 3HAHKE
CBOICTB MaTepHUAJIOB IUIACTOB MOJ3EMHOI MOPOABL, 3TO BAXKHO JJIs1 OLEHKH KOJIJIEKTOPOB
yIJIEBOAOPOAOB B TONLIE 3eMJIM U Ay (POpMYyJNIHMpOBaHHUS CTpaTeruu pa3pabOTKU TaKUX
KOJUIEKTOPOB. B 001acTH TEXHUKH, K KOTOPOW OTHOCHTCS HACTOsIIEe M300pETeHHE, XOPOLIO
U3BECTHBI Pa3HOOOpa3HbIe MPHOOPHI M METOIUKHU MOJYYECHUS TAaKOW MH(POPMAIH, KOTOPBIE
BKJIFOYAIOT aHAJIM3 CEHCMHYECKHX MHAaHHBIX, MMOJy4YeHHe OOpas3sloB KepHA M3 HM3Y4aeMbIX
IUIACTOB U MX aHalu3, a TaKXKe Pa3jIMyHble KOCBEHHbIE MU3MEPEHHUs 3€MJIH, MOJydaeMble BO
BpeMsi rpouecca OypeHusl.

[0005] Haubonee pacnpoCTpaHEHHBIM CHOCOOOM aHalM3a TOA3EMHOrO IUIacTa
SIBJIIETCS KApOTak MO METOY CONPOTUBIIEHUS BJOJb CTBOJIA CKBaXXHUHBI B Mjacte. CorjiacHo
TPaZAULIMOHHOMY KapoTaXy IO METOJY COINPOTUBJIEHHUS H3MEPSIOT BJIEKTPUUECKUN OTKIIMK
IUIACTa, PACHOJOKEHHOTO BOKPYT CTBOJIA CKBaKUHBI, KaK MPABUJIIO, AJIs MTOJyUYEHUsl 3HaUEHUs,
Ha3bIBAEMOT0 TUIACTOBBIM KO3((UIIMEHTOM, KOTOpPBIM NpencTaBisieT COOOH OTHOLICHUE

YACJIbHOTO COMMPOTUBJICHUA HaCbIHleHHOfI JKHUAKOCTBIO MOPOALI K YACIBbHOMY COIPOTHUBJIICHUIO



camoil HachImarome XuakocTi. COrjJacHO COOTHOLIEHUIO ApPYH IUIACTOBBIM KO3 PUIIHEHT
3aBUCUT TOJIBKO OT T€OMETPUH IOPOBOrO IMPOCTPAHCTBA MOPOABL, U C MOPUCTOCTBIO €ro
MOJKHO YBsI3aTb, MCIIOJB30BaB I10Ka3aTeslb, HA3bIBAEMBbIN IMOKasaTesneM LeMeHTauuu. Kakx
CJIEACTBHE, aHAIU3UPYsS] TPAAMLIMOHHYIO AUAarpamMMmy KapoTa)ka IO METOAY CONpPOTHUBJICHMS,
MOXKHO TIOJIYYUTb BAXHYIO HHGOpPMAmMIO O MOPHCTOCTH WM BOAOHACHIIIEHHOCTH
U3y4aeMoro Imjaacta. bojee TOro, Ha OCHOBaHMM [uarpaMMbl KapoTaxka IO METOAY
COTPOTHBJIEHHUS] B COUETAHUU C MPABUIIbHOW paciupoBKON (PU3MIECKHX CBOHCTB MOPOMABI
MOYKHO TIOJIY4UTh TOAPOOHYIO HH(POPMALIUIO O MPOHUIIAEMOCTH ILJIACTa.

[0006] Hecmotpss Ha TO, YTO COOTHOLIEHHE ApUYHM IIUPOKO HCIONB3YETCS IS
TOJIKOBaHMS JIEKTPUUECKOTO OTKJIMKA Ha OCHOBAaHMH MH(OPMALIH U3 AUATPAMM KapoTa)a
0o0pa3sLoB KepHA, HM3HAYAJbHO OHO OBUIA COCTABJICHO Il psifa SKCIEPHUMEHTAJIbHBIX
m3mepeHuii. OnHako OBLIO OTMEYEHO, YTO COOTHOIIEHHE APYH CIPaBEUIMBO TOJBKO JJIS
IUTACTOB TOPOZBI C MPOCTHIMH METPOPUINISCKUMH CBOWCTBAMH, HANPUMEP, YHCTOTO IECKA.
Taxke ObUIO OTMEUEHO, YTO COOTHOINEHHE ApPUYM HE MOAXOAUT JUIsl TIIMHUCTOTO TeECKa, a
UMEHHO TMecKa, COAep:Kalllero IIMHUCTble MUHepasbl. TpaguIMOHHBI NOAXOJ aHaiu3a
AuarpamMMm KapoTaka MO METOAY COINPOTUBJIEHHUS, MOJYYEHHbIX U TJIMHHCTOrO IIECKa,
Ha3bIBaeTCsI B OOJIACTHM TEXHUKH HACTOSIIEr0 M300peTeHHuss MeToaoM YakcMmaHa-Cmwura.
OnHako Ha TPaKTHKE TAKOH IMOIXOA HECKOJNBKO OTPAaHHYEH, MOCKOJBKY AJISI TOTO, YTOOBI
yBsI3aTh YJEIbHOE COINPOTHBIEHHE C BOAOHACHILEHHOCTBIO U MOPUCTOCTBIO, HEOOXOIUMO
3HaTh KATHOHOOOMEHHYIO €MKOCTb IJTHHUCTOTO MHHEpaJa B IIIMHICTOM ITECKE.

[0007] Beio oTMe4YeHO, YTO MPUCYTCTBHE TINIMHBI B 00Opasne TOPHOW MOPOJbI
YCIOXKHSET pacipOBKY JAHHBIX 3JIEKTPOPA3BEIKH, MTOJYYEHHBIX U3 JHArPaMM KapoTaxa u
oOpasuoB kepHa. OnHOW W3 MPUYMH 3TOTO SIBJSIETCS TO, YTO JJIEKTPHYECKHE CBOWCTBA
TJIMHUCTBIX MHHEPAJIOB (J1ajiee — «TJIMHBDY) MaJIO MOHATHBL. B CBs3M ¢ 3THM pacurndpoBka
AJIEKTPUYECKUX CBOWCTB IUIMH (a TaKKe CBSI3aHHBIX CBOWCTB, TAKMX KaK KaTHOHOOOMEHHAs
€MKOCTh), M3MEPEHHBIX B JIA0OPAaTOPHBIX YCIOBUAX, 3arpydHeHa. Taxke pacummdpoBka
JAHHBIX 3JIEKTPOpPA3BEAKH B TIJIMHAX YCIOXKHSAETCS M3-32 HAHOPa3MEPHOCTH CTPYKTYPbI
OOBIYHBIX TJIMH, KOTOPAast 3HAUUTEIbHO MEHbIIE HAHOPa3MEPHOCTH CTPYKTYPHI MECKA, 38 CUET
4ero IJIMHbl MEHblIe MOANAIOTCA SKCIEPUMEHTaM U aHAIU3y C aTOMHBIM pa3pelleHUEM.
bonee Toro, kpucramnuueckass CTPYKTypa TIVIMHUCTBIX MHHEPAJOB YacTO JOBOJIBHO
HEOJHOPOJIHAsA, HAIIPUMeEP, COCTOUT U3 TOHKUX IUIACTUHOK, PACIIOIOKEHHBIX HE MapaljIesIbHO
ApYyT Ipyry, ¢ MPUYYIJIMBBIMH T'PaHHIIAMH M MOpamMHu HeoObrMHOW ¢opmbel. Kpome Toro, B
IJIMHAX 4acTO MPUCYTCTBYIOT MPUMECH, B YACTHOCTH HA BHEIIHUX MOBEPXHOCTSIX IJIACTHHOK,

U OHU CMCLIAIOT APYIrHu€ aTOMbI, 3aMellass UX, U HU3MCHAKT pacClIpeacjiCHUC 3apsiiOoB B



IJIMHUCTOM MaTtepuane. B menmoM, Takue CIIOXKHOCTH, OOYCJIOBJIEHHbIE HAHOPA3MEPOM
KPUCTAJIJIOB, HEYNOPSAOYEHHBIM pACIOJIOKEHHEM KPUCTANJIOB U IIJIACTUHOK, a TaKXke
CIOXHBIH COCTaB TIJIMHUCTBIX MHUHEPAJIOB KpalHE YCIOXKHSIT MpPsIMOe H3MEpEeHUe
neTpopU3NIECKUX CBONUCTB IJIHH.

[0008] C HemaBHMX MOp Ui ONMpeIENeHUs CBOMCTB MaTepuana oOpasLoB TOPHOM
MOpOABl TNPUMEHSIETCS TEXHOJIOTHMSI MPSIMOIO0  YHUCJIEHHOIO MOJEIMPOBAHMUS  CBOMCTB
MaTepuana Ha OCHOBaHMHM LU(MPOBBIX H300pakeHUN MOPOAbl. B COOTBETCTBUU C 3THM
MOJXOAOM ISl TIONy4eHUs] 00beMHOro LU(POBOro M300pa’keHHs], OMUCHIBAIOLIETO oOpaser
TOPHOM TOPOJBI, MOJYYA0T PEHTTEHOBCKOE TOMOrpaduueckoe n300pakeHne 3Toro oodpasua.
3arem Hajx 0OBEMHBIM LH(POBBIM U300pPaKEHHEM MPOBOASIT BBIYHCIUTEIbHBIN SKCTIEPUMEHT
U MOJENUPOBaHUA (PU3MYECKMX MEXAHM3MOB, HA OCHOBAaHHHM KOTOPBIX MOJKHO H3MEPHUTH
¢usnueckne cporictBa ropHod mopoabl. C TNOMOIIBID MeETOAa MPSMOTO YHCIEHHOTO
MOJIEJIUPOBAHUsI MOXKHO OIpEAENUTh Takhe CBONWCTBA TOPHOM NOPOABI, Kak MOPUCTOCTb,
aOCONIOTHAsT MPOHHULIAEMOCTh, OTHOCHTEJbHAS MPOHULAEMOCTbh, TUIACTOBBIA KO3((UIHEHT,
MOJyJI YIIPYTOCTH U T. II.

[0009] B uwactHOCTH, NPSAMOE YUCICHHOE MOJAEIUPOBAHUE BJIEKTPUUECKUX CBOMCTB Ha
OCHOBaHMH  LU(PPOBBIX  W300paKEHWH  MOPOABI  OCYIIECTBISETCS  IOCPEACTBOM
anMNpOKCUMALMM WJIM PELIEHUs] COOTBETCTBYIOLIMX 3JIEKTPUYECKUX YpPAaBHEHUM, Hampumep
ypaBHeHwus Jlamaca, ¢ nepeMeHHbIMU KO3 (PUIIMEHTAMU U COOTBETCTBYIOIUMH I'PAHUYHBIMU
ycnoBusMu. OnHAKO Takol MOAXOA MpPEAINoyiaraeT, 4YTO 3JIEKTPUYECKHE CBOMCTBA
COCTaBIISIIOIIMX MaTepuasioB B Mopoae u3BecTHbl. Hampumep, TBepnble 3epHa (Hampumep,
KBapIl) MOKHO PacCMaTPUBATh B MOZENH KaK HENPOBOMALINE, TJIMHUCThIE (HPAKIMU — Kak
YaCTUYHO MPOBOISIIME, a MOPOBBIE KUAKOCTH, TaKHe KaK COJIeHas BOJA, — Kak Hauboee
npoBoasyo ¢a3zy. HecMoTpst Ha TO, YTO Takoe pacrpeneieHrue NPOBOISIIUX CBOWCTB
XOpOLIO HM3BECTHO Ui TBEPABIX 3€PEH M IMOPOBBIX JKUIAKOCTEH, (hu3Mueckasr OCHOBA IS
TAKOTO pACIpENeNeHHs] MPOBOISIINX CBOHCTB CpeaW TIJMH mpuHsAta He Oputa. Takum
o0pa3oM, WUCIONb30BAaHUE 33JaHHBIX BEJIMYWH MU YAEIBHOH MPOBOJUMOCTH TIIUHBI
NPUBOIUT K TOSIBJICHUIO HEOIPENENEHHOCTEH B OOBIMHOM MOJENHNPOBAHUH SJIEKTPUIECKOTO
OTKJIMKA B IIMHOHOCHBIX MECKaX.

[0010] Eme omHOW mNOpenmnoChUIKOW MOXKHO Ha3BaTb MOAEIMPOBAHUE METOIOM
MOJIEKYJISIpHON AMHAMUKH («M/]»), mox KOTOPBIM MOAPa3yMeBaeTCsl BBIYUCIUTEIbHBIN METO
ONMCAHUsl WU3MEHEHHs C TEUYEHHEM BPEMEHH KOHEYHOM MOJEKYJAPHOW WIM aTOMHOU
CHCTEMBl, OCHOBAHHBIH Ha MPHOIIKEHHOM BBIpAXXKEHMHU (T. €. Ha CHJOBOM IIOJE),

onpeaciIromeM INOTCHUHUAJBHYI0 SHEPIrUKO0  KaAXAJOro aroMa B CHCTEME. CornacHo



TPAAULUOHHOMY MOACIUPOBAHUIO METOIOM MI[ AAHHBIC, TAKHE KaK KOOPAUHATBI, CKOPOCTHU
M CHJIBL, Ul KaKAOTO aTroOMa B CHJIOBOM II0Ji€ COXPAHSIOTCS Uepe3 ONpeeNICHHBIE
MNPOMEKYTKH BPEMCHHU. 3aTeM 3TH AaHHBIC HUCIIOJB3YIOTCA IJIA BBIUNCJICHHSI MIHOBCHHBIX U
YCPEOHEHHBIX MO BPEMEHH CBOMCTB, TAKMX KaK TPAGKTOPUU aTOMOB M MOJIEKYJ, MPOQpUIN
ATOMHOW WJIM MOJIEKYJSIPHOW IUIOTHOCTH B OJHOM WJIM JBYX H3MEPEHHSX, MeXaTOMHas
CTpykTypa (Hampumep, paauanbHas QyHKUus pacnpeneneHus), koddpduuuentsr nuddysuu,

KosiebaTeNibHasI CTPYKTYpa U T. 11.

Kparkoe packpbITHE HACTOSIIEr0 H300peTeHUs

[0011] B cooTBeTcTBHM € BapHaHTAMHU OCYLIECTBICHHMsS HACTOSIIETO H300pEeTeHUs
NPEIOCTABIISIETCS CIOCO0 W CHCTEMa TOYHOH OLEHKH 3JIEKTPUYECKOTO OTKJIMKA TJIMHUCTBIX
MHUHEPAJIOB U NECKOB, COAEPKALIUX TTIMHUCTHIE MUHEPAJIBL.

[0012] B cooTBeTcTBMM C BapHaHTAMHU OCYLIECTBIEHHMsS HACTOSINETO H300peTeHus
NPENOCTABISIETC CIIOCOO M CHUCTeMa Uil W3MEPEHHUs METOIOM TPSIMOTO YHCIEHHOTO
MOZENUPOBAHHS TETPOPU3NIECKUX CBOMCTB 00Opas3la MOA3EMHOIO IUIACTA, COAEPIKALIEeTO
TJIMHUACTBIE MUHEPAJIBIL.

[0013] B cooTBeTcTBMM C BapHaHTAMHU OCYLIECTBJIEHMs HACTOSINErO H300peTeHus
NPENOCTABIIAETCA CIIOCOO M CHUCTeMa AJisl MPUMEHEHUs M3MEPEeHMH, Hampumep HU3MepeHui
NPsIMBIM ~ YUCJIEHHBIM ~ MOJEIUPOBAHUEM, OJIEKTPUYECKOIO OTKJIHMKA HAHOPa3MEPHOIO
Marepuana, TaKOrOo Kak TJIMHUCTBII MHHEpal WU IMEeCKH, COAEpKALUe TJIMHUCTBIE
MHHepaJbl, 1711 O0oee MacIuTaOHOTO ONpeNeNIeHHs] XapaKTePUCTHK TIacTa.

[0014] B cooTBeTcTBMM C BapHaHTAMHU OCYLIECTBJICHHsS HACTOSIIErO H300pETeHUs
NPEIOCTABIISIETCS CIOCO0 M CHCTEMa Uil OLEHKH IUIACTOBOrO KO3((HUIMEHTAa COCTABHBIX
IUIACTOB, COAEPKALINX HAHOPA3MEPHbIE KOMIIOHEHTBI, TAKUE KaK TJIUHBL.

[001S] Jdpyrue uenu W NOPEeUMyIIECTBA BAaPUAHTOB OCYILECTBJEHUsS HACTOSALIETO
U300peTeHNss CTaHYT TOHSTHBIMH CIELUAJUCTAaM B OOJACTH TEXHUKH HACTOSIIETO
n300peTeHNs 1OCIe O3HAKOMIIEHHSI C TIOAPOOHBIM PACKPBITHEM U TPUJIAraeéMbIMU (PUTYPAMH.

[0016] BapuaHTbl OCYINECTBIEHHS HACTOALIETO H300pETeHHUST MOTYT  OBITh
peann30BaHbl CIIOCOOOM MOIEIMPOBAHUS JEKTPUUECKOTO OTKJIMKA KOMIIOHEHTA TIIMHUCTOTO
MHUHEpaia U CUCTEMOM JUIsl OCYLECTBIIEHUs TAKOrO MOJAEIUPOBaHus. Monens MOJIeKy IsipHOU
[JIMHUCTOM CHUCTEMBI BBINOJHEHA B BHUAE MHOIOCIOMHON CTPYKTYpPBL, COOTBETCTBYIOLIEH
[NIMHACTOMY MWHEpajly, AHaJOTMYHOMY H3y4aeMOW TJIMHE, B KOTOPOH IOJMBAJICHTHBIE

KaTHOHBI BHIOPAHHOTO BHZIa BCTAaBJIEHBI B CTPYKTYPY IPU BBHIOPAHHOH IUIOTHOCTH 3apsizia, a



HECKOJIBKO BOJIOHOCHBIX CJIO€B BCTaBJIEHBI B MEXCIOWHOE MPOCTPAHCTBO MEXAY CIOSMHU B
CTPYKTyp€ B COOTBETCTBUM C BBIOPAaHHOW BOAOHACHINEHHOCTEIO. CKOHCTPYHpPOBAaHHOMN
MOZIENI TJIMHBI HA3HAYAIOT IapaMeTpbl CHJIOBOIO IOJS, XapaKTepU3YIOIIUE MEXAaTOMHbIE
CWJIBl ¥ TEPEeMEHHblE MOJEIHPOBAHMSA, COOTBETCTBYIOLIME TpeOyeMbIM  YCIOBHUSIM
MOJZIeJIMPOBAHMUS, TAKMM KaK AaBJICHUE, TeMIepaTypa, o0beM U T. 1. 3aTeM Ui ONpeNeIeHHs
kooppuumeHToB nudpPy3uH  MEKCIOHHBIX HOHOB B CHUCTEME TIJIMHBI  BBIMOJHSOT
MOZIETUPOBAHNE METOOM MOJIEKYJIIPHON AUHAMUKH. [Tocie 4ero mpuMeHsIOT COOTHOLICHUE
HepHcTa-JiiHInTeliHa, KOTOPOE MO3BOJIET OLEHUTh HOHHYIO IPOBOAUMOCTbD TJIMHBL

[0017] B cooTBercTBUM € JPYrMMHM BapHaHTAMH OCYLIECTBJIEHHUS HACTOALLErO
U300peTeHus] TMPENOCTABISIETCS] CNOCO0 M COOTBETCTBYIOIIAS CHUCTEMA JUISl BBITIOJTHEHHSI
NPSIMOTO YUCIIEHHOTO MOJEMPOBAHMS TOPHOW MOPOJBI, B KOTOPOH CONEPKATCS TIIMHUCTBIE
¢pakuun. IlocpencTBoM peHTrEeHOBCKOH ToMorpaduu nony4qart TpexmepHoe (3D) odpemuoe
nu3o0pakeHne oOpasiia ropHON MOPOJIBI, MOCIE Yero 0ObeMHOE U300paKeHHE CErMEHTUPYIOT
s pasnuueHust (a3 HempoBoASIMX (pakuuii TOpHOH mopoxbl (HampuMmep, KBapla),
YaCTHYHO MPOBOAALIMX (pakuuii (Hampumep, TIMHBI) U TOPOBOro npocrpaHcTsa. Kaxmoi
CErMEHTHPOBAaHHON (pa3e NPUCBAMBAIOT MPOBOSININE CBOMCTBA M BBINOJHSIOT YHCIOBOE
MOZIENUPOBAHNE JJII OLEHKH 3JIEKTPUYECKOrO OTKIMKa oObema. M3 cmMomenupoBaHHOTO
OTKJIMKA OLEHWBAIOT OJHO WJH HECKOJBKO 3JIEKTPUYECKUX CBOMCTB COOTBETCTBYIOLIETO
o0pasua rIIMHOHOCHOW FOPHOM MOPOIBL.

[0018] B coorBercTBUM C ApPYTMMU BapUaHTaAMHU OCYIIECTBJEHHUS HACTOSLIErO
u300peTeHus CTPOST MOAENb MOJIEKYJSIPHOM JKUIAKOCTHON CHCTEMbI U 3aIOJHSIIOT €€ BOJAOM
npu TpeOyeMOil INIOTHOCTH, TAe BLIOpAHHBIE POTHBOMOHBI Pa3MEIEHbI B CTPYKTYPe MOAEIH
B TIOpsiIKe BHeApeHUs: ¢ TpeOyemoil KOHLeHTparmed 3apspa. st Momenu Ha3HAYarOT
K03 (PHULMEHTbI CHJIOBOTO TOJS WM BBINOJHSAIOT MOJEIUPOBAHHE METOJIOM MOJIEKYJISIPHOM
IVMHAMUKU JJIs1 OnpenesieHuss OOBEeMHOHM yIEeNbHOH MPOBOIMMOCTH JKHUAKOCTH B Ka4deCTBE
KOHTPOJIBHOHM MOzie . 3aTeéM Ha OCHOBAHWHU OTHOLIEHUS] OOBEMHOM yIeIBbHOM MPOBOIUMOCTH
KOHTPOJIBHOH JKUIKOCTHOW MOJIENH K CMOAEIHPOBAHHBIM HOHHBIM IPOBOAMMOCTSIM CUCTEMBI

TJIMHBI BBIYUCISIIOT TUIACTOBBIN KOA(PHUIMEHT IIIMHOHOCHOTO MaTepuaa.

Kpatkoe onucanue ¢puryp

[0019] Ha ¢ur. 1 cxemarnuecku TOKa3aHa »JJIGKTPUYECKAs CXeMa CEeTeBOH
KOMITBIOTEPHON CHUCTEMBI, 3alpOrpPaMMHUPOBAHHON Ha BBINOJIHEHHE PA3JIMYHBIX MPOLIECCOB

CO3JaHusl Mopaeliell u MOACIINPOBAHUA He(l)TeFaSOBbIX KOJUJICKTOPOB B COOTBETCTBUU C



BapUAHTAMHU OCYLIECTBIEHHS HACTOSIIETO H300PETEHHSI.

[0020] Ha ¢ur. 2 Takxke mnokasaHa OJIOK-CXeMa TMPOLECCa OLEHKH WOHHOU
NPOBOAUMOCTH CHUCTE€MBbI T[JIMHUCTBIX MHHEpAJIOB B COOTBETCTBUM C BapUaHTAMHU
OCYIIECTBJICHHSI HACTOSIIETr0 N300pEeTeHHS.

[0021] Ha ¢ur. 3 nokasana 6J10K-cxeMa IOCTPOSHUST MOJIEKYJISIPHONW MOJIEIH CHCTEMBI
IJIMHUCTBIX MHHEPAJOB B COOTBETCTBHH C MpPOLECCOM, IOKAa3aHHbIM Ha ¢ur. 2, B
COOTBETCTBHH C OJJHIM BapPUAHTOM OCYIIECTBJICHHS HACTOSIIErO H300PETEeHUsI.

[0022] Ha ¢ur. 4a—4g mnoka3aHbl CXEMAaTHYECKHE IHATPAMMBI MOJIEKYJISIPHBIX
MOZIeNIel CUCTEeM TJIMHUCTBIX MHUHEPAJIOB Ha PAa3IMYHBIX CTAUSIX MpOLecca COryIacHo ¢ur. 3.

[0023] Ha ¢ur. S5 mnokasaHa OJjok-cxemMa Mpolecca OLEHKH IUIACTOBOTO
k03¢ puLMeHTa CHUCTEMbI TJIMHUCTBIX MHHEPAJOB B COOTBETCTBHH C OJHHUM BapUaHTOM
OCYIIECTBIICHHUSI HACTOSIIIErO H300PETEHMSI.

[0024] Ha ¢ur. 6a—6b moka3aHO pPEHTIEHOBCKOE MHUKpOTOMOTrpaduueckoe
n300paKeHNe M CErMEHTHPOBAHHOE NPEICTABICHHE, COOTBETCTBEHHO, 00pa3lia COCTABHOTO
IJ1acTa, COAEP KaIlero TIIMHUCTBI KOMIIOHEHT, AJ MPOBENEHUsl aHajln3a B COOTBETCTBUU C
BapUAHTAMHU OCYLIECTBIEHHS HACTOSIIETO H300PETEHHSI.

[0025] Ha ¢ur. 6¢ nokazaH rpaduk miactoBoro ko3dduumeHra s Tpex pasHbIX
IJIMHOHOCHBIX TECKOB, COCTaBJEHHBIH METOJOM MPsSMOrO YHCJIEHHOIO MOJEIMPOBAHUS B
COOTBETCTBHHM C OJJHIM BapUAHTOM OCYILIECTBJIEHHS HACTOSIIEr0 H300pETEeHUs.

[0026] Ha ¢ur. 7 nokazana OiOK-cxemMa MPOLECCca BHITIOIHEHUS MPSIMOTO YUCTIEHHOTO
MOZIEeTIMpPOBaHUs 11 00pasiia COCTAaBHOIO IUIACTA TAKOro, KaK Mokas3aH Ha ¢ur. 6a u 6b, aus
NPUMEHEHUsT COBMECTHO C JuarpaMMaMy KapoTaxa I10 METOAy CONpPOTUBJICHUS U
U3MEPEHUsIMH B COOTBETCTBHM C OJHHM BAapUAHTOM OCYLIECTBJICHUS HACTOSILEro

n300peTeHus.

TloapoOHOE PACKPBITHE HACTOSINIET0 H300peTeHUs

[0027] Hanee Hacrosimee uzoOpereHue OyAeT OMUCAHO CO CChUIKAMHM Ha BapUAHTHI
€ro OCYINECTBJICHHS, @ HMEHHO CIOCcO0 M CHCTEMy MOCTPOEHHUs MOAEJeH TJIMHHCTBIX
MUHEPAJIOB, B YaCTHOCTH, HJid TMPUMCHCHUA B KOHTCKCTE TIPAMOro 4YHCJIICHHOIO
MOZETUPOBAHMS, TIOCKOJIBKY MPEATIONAraeTcsi, 4YTo HacTosmee n3odperenne Oyaer 0COOEHHO
s¢dexTuBHBIM B 3TOH oOnacth mnpumeHeHus. OMHAKO NPEANOJAraeTcsi, YTO BapHAHTHI
OCYIUIECTBJICHUS ~ HACTOSAIIEr0  HM300peTeHusi  MOryT  O0eCHneuuTb  3HAYHTEJIbHbBIC

Onaronpusitabie 3QQPEeKThl U MPEeUMyLIECTBA B IIUPOKOM AHANa3oHe 00JjacTel MOMUMO TOM,



KOTOpasi OmHcaHa B HacTosieM JokyMeHTe. COOTBETCTBEHHO CJIEyeT IOHHUMATbh, YTO
HIDKECJIEAVIOINee PACKPbITHE MPHUBEAEHO HCKIIOYUTENPHO B KauecTBE IpUMepa U He
OrpaHUYMBAET UCTUHHBIN 00BEM 3asIBIEHHOT'O H300pETeHHUSI.

[0028] B TeueHue mnocienHUX JIET IUIACTHI IVIMHBI U TJIMHUCTOTO CJIAHIA 3aHSUIH
BECOMYIO 4acTb B pa3paboTke u A00bde HeQTH U raza. bbUio OTMEYEHO, YTO HEKOTOPBIE M3
TAaKUX TJMH COJEP’KaT NMPUMECH 3aMelIeHUs, Takhe Kak aTOMbl aFOMHHMS, 3aMellaroline
aTOMbl KPEMHHUSI B KPHUCTAIMYECKOW CTPYKType, WJIM aTOMbl MarHHsl WJIH JKelesa,
3aMEIIAOLIIE ATOMbI ATFOMUHHSI B KPUCTAJUIMYECKOH CTpyKType. Taknue KaTHOHHBIE PUMECH
MEHSIIOT 3apsiIOBOE PABHOBECHE KPUCTATMYECKOW CTPYKTYPbI TNIMHBI TAKHM OOpa3oM, 4YTO
IUIS COXPAaHEHHs] HEUTPAIBHOCTH 3aps0oB HEOOXOAMMBI aicOpOUPOBAaHHBIE BHEPEIIETOYHBIE
uoHbel. Takme ancopOUpOBaHHBIE BHEPEINETOYHbIE HOHBI MPHUCYTCTBYIOT HA BHELIHUX
MOBEPXHOCTSIX TNIMHBI U CAMH T10 ce0€ HE SIBJITIOTCS YaCThIO TITMHUCTON CTPYKTYPBL

[0029] Kax Obu1o ommcaHO BBILIE, AHATPAMMBI KapOTaska IO METOIY CONPOTUBIICHUS
Jal0T BAXHYK HHPOPMALMIO O KOJHYECTBE JKUAKOCTH, OOBEMe SKHUAKOCTH H IOPOBOH
CTPYKType TMOA3EMHBIX MacToB. OOHAKO MPUCYTCTBHE TJIMHHUCTBIX KOMIIOHEHTOB B ILIACTE
HETaTHBHO CKAa3bIBAETCS HA OTHOLIEHUH MEXIy H3Y4aeMbIM VAEIbHBIM CONPOTUBJICHHEM U
¢u3nuecKkuMu CBONCTBAMH, IMOCKOJBKY M AMIHMPUYECKHE, W (PU3HUUECKHE AImpOKCUMALUU
XapaKTEPUCTUK TJMHBI MMEIOT 3HAUYUTENbHblE HEOoNpeaeNeHHOCTH. TakuMm obpasom
CYIIECTBYeT HEOOXOAMMOCTb B Ooyiee TOYHOM MOHUMAHUM (PU3HUECKUX MEXaHU3MOB,
3a71efICTBOBaHHBIX B U3MEHEHUH YAETIbHON MPOBOAUMOCTHU TJIMHUCTBIX MUHEPAJIOB.

[0030] B cooTBercTBHM C BapUaHTAMHU OCYILIECTBJIECHUS HACTOSINErO HM300peTeHHs
NPENOCTABJISIOTCS WHCTPYMEHTBl M METOAMKU TNOJydeHHs Oojee TOYHOrO HOHMMAaHHS
(pU3NUECKUX MEXAaHHU3MOB, OT KOTOPBIX 3aBUCST CBOMCTBAa TJIMHUCTBIX MHHEPAJIOB B
NOA3EMHBIX IUIacTax. boyee Toro, kak OyneT OMMcaHO HIKE, STH HHCTPYMEHTbI U METOIUKH
Ja0T BO3MOKHOCTh TMPOBOAMTH Oojiee MacIuTaOHBIA aHAJN3 TIIMHOHOCHBIX IUIACTOB Oolee
3¢ EKTUBHBIM H TOYHBIM CTIOCOOOM.

Aemomamuzuposeannas cucmema

[0031] B cooTBeTcTBMM C BapHaHTAMHU OCYLIECTBICHHMsS HACTOSIIETO H300pEeTeHUs
NPEATIONAraeTCsi, YTO 3TH HHCTPYMEHTBI M METOANKH OyIyT peasn30oBaHbl, 10 MEHbIIEH Mepe
YaCTHYHO, aBTOMATU3UPOBAHHON CUCTEMOM, KOTOpasi OyAeT YUUThIBATh XapaKTep U MaciuTad
TpeOyeMbIx BbuucieHuii. Ha ¢ur. 1 mokasaH mnpumep peann3aliyd OJHOTO BapUaHTA
OCYILIECTBIIEHUsT HACTOSIIEro uzobpereHuss B (opMe aBTOMATU3UPOBAHHOW cucTeMbl 20,
BBIMOJIHSIOIIEH Omepalyy, OMHMCAaHHBbIE B HACTOSINEM pPAaCKPBITUH, s 3(PPEKTHBHOTO

MOACIINPOBAHUA CBOMCTB TJIMHUCTOI'O MHHEpaAJIa, B 4aCTHOCTHU, C LEJIbIO OLCHKH y/:[eanof/'I



NpoOBOANMOCTHU OI[HOﬁ HJIN HECKOJIbKUX TJIMH, 4 B COOTBETCTBHUU C HEKOTOPBIMH BapHUAHTAMU
OCYILIECTBIICHUS JIs1 OLIEHKH YAEJIbHON MPOBOAUMOCTH U IPYTHX METPOPU3NIECKUX CBOWCTB
oOpa3iia TOpPHOH MOPOIBI, COAEpKAIled TIIMHUCTBIM KOMIIOHEHT, MOCPEACTBOM MPSIMOTO
YHUCJIEHHOTO MOJENMpPOBaHus. B cooTBercTBuM ¢ 3THM mpuMepoM cuctema 20 MOXKeT ObITh
peanu3oBaHa MOCPEACTBOM KOMIBIOTEPHOW CHUCTEMBI, B COCTaB KOTOPOIl BXOAUT pabouas
craHuus 21, coenunenHas ¢ cepsepom 30 no cetu. be3ycnoBHO, XapakTepHasi apxUTEKTypa U
KOHCTPYKLMSI KOMIIBIOTEPHOW CHUCTE€MbI, TMPUMEHSIEMON B KOHTEKCT€ HACTOSLIErO
u300peTeHms, MOXKET CYLIECTBEHHO omin4arbcs. Hanpumep, cucrema 20 MoxeT ObITh
pcaim3oBaHa OOHUM (bI/IBI/ILIeCKI/IM KOMITIBIOTCPOM, TaKUM KaK TpaaulUuOHHas pa6oqaﬂ
CTaHIIUA HJIIN HepCOHaHbeIﬁ KOMITBIOTED, WJIIN AJbTCPHATUBHO KOMHbIOTGpHOfI CI/ICTCMOI\/‘I,
peaTM30BaHHON MOCPEACTBOM PACIPENENICHHUs 10 HECKOJIBKUM (PU3HYECKHM KOMITBIOTEPAM.

CoorBercTBeHHO 00OOIIEHHAsT apXWTEKTypa, TMOKasaHHas Ha (¢ur. 1, moka3aHa

)
UCKJIFOYUTEJIbHO B KaUeCTBE MpUMepa.

[0032] Kak mokazano Ha ¢ur. 1, a Takke Kak ObUIO yka3aHO Beime, cuctema 20
comep:kuT pabouyro cranuuio 21 u cepsep 30. Pabouast craHius 21 COnep:KUT HEHTPATbHBIN
npoueccop 25, KOTOpbIil MoAKIOUeH K cuctemMHon muHe BUS. Takke kK CUCTEeMHON IIMHE
BUS noxkmroden untepdeiic 22 BBOIA-BbIBOAA, KOTOPBII OTHOCUTCS K TeM HHTEp(EHCHBIM
pecypcaMm, TOCPEIACTBOM KOTOPBIX mnepudepuiiHble (PyHKLHNOHAJIbHBIE 3JIEMEHTHI BBOJA-
BBIBOZIa (HANpUMep, KJIABHATYpa, MbllIb, JUCIUIEH M T. A.) B3aUMOAEHCTBYIOT C APYTUMH
KOMIOHeHTaMu paboueii cranumu 21. LleHTpanbHbiii mpoueccop 25 moxer oOpabaThiBaTh
AaHHble Ui pabouel craHimy 21 u, TakuM 00pa3oM, MOXKeT ObITh pPeatn30BaH OJHUM HIIH
Heckonbkumu  simpamu L1, cxemoii coBmecTHON o00pabotku u T. 1. CrnenududHas
KOHCTPYKIMSI U BO3MOXKHOCTh LIEHTPAJBHOrO Mpoleccopa 25 BbIOpaHa COrJacHO padouum
TpeOoBaHusiM padoueli ctaHuMu 21, KOTOpbIe BKIFOYAKOT, MO MEHBIIEH Mepe, BBITOJHEHHE
(byHKLMH, OMMCAHHBIX B HACTOSIIEM PACKPBITHH, a TAKXKE APYTHX (QYHKIHH, KOTOPbIE MOTYT
ObITh BBIMOJHEHBI cucTeMoit 20. B apxutektype cuctembl 20 COTJIACHO 3TOMY HpPHUMEPY
cucteMHasi namsaTh 24 coemuHeHa ¢ cucteMHoil mmHOW BUS um mpemoctasisier pecypcsl
naMaTd TpeOyeMOoro THIA, UCHOJb3YEMbIe KaK MaMsTh AAHHBIX JJISI XPAaHEHHUS BXOMSLINX
JAaHHBIX M Pe3yJbTaTOB 00pabOTKH, BBHIMOIHAEMON LEHTPAIBHBIM IPOLIECCOPOM 25, a TaKkKe
KaK MporpamMMHasi MaMsTh Ul XPaHEHUs] MALIMHHBIX KOMAaHJ, BBIMOJHSEMbIX LIEHTPAJIbHBIM
npoueccopoM 25 BO BpeMsl BBINIOJHEHHs Takux (PyHKIui. be3ycrnoBHO, Takash KOMIOHOBKA
NaMSTH NIPUBEEHA TOJIBKO B Ka4eCTBE MPUMEPA; CIeAyeT IOHUMATh, YTO CUCTEMHAs MaMsITh
24 MOXXeT peann3OBbIBATb TAKYH NMaMAThb JAHHBIX U MPOrPAMMHYIO MaMSTb B OTAEIbHBIX

pecypcax (pu3HUecKol MaMATH WM MOXKET OBITh pacrperesieHa LeJTUKOM M YaCTUYHO 32



npenenamu pabouer cranumu 21. bonee toro, xak mokazaHo Ha ¢ur. 1, Takke pabouas
craHius 21 MoxeT nmojydaTh OT cucTteMbl 28 GpopmupoBaHus n3o0pakeHuit yepe3 nurepderic
22 BBOAA-BBIBO/A NaHHBIE B (popme 00BeMHOrO LuppoBoro m3odpaskeHus: oopasua 28 ropHoi
HOPOJIbl, MOJYYEeHHbIE OT JATYMKOB M IpeoOpasoBaTesiel, pa3sBepHYTHIX B CKBAKMHAX HA
TEPPUTOPUN MECTOPOXKAEHUsA. Takue BXOAHBIE NaHHbIE WM3MEPEHUN MOTYT XPAaHUTLCS B
pecypce mamsATH, K KoTopoMy padodast cranuus 21 MOXKET mojy4daTh JOCTYH JIMOO JIOKAJIBHO,
b0 yepe3 ceTeBol uHTepdeiic 26.

[0033] CereBoit wuHTepdeiic 26 paboueit cranumu 21 mpencraBiasier CcoOOH
TPaOUIMOHHBIH HHTEpdEeHC WM amanrep, ¢ MOMOINBID KOTOporo pabowast craHmmst 21
NOJIy4aeT AOCTYI K CeTeBBIM pecypcaM o cetu. Kak mokaszano Ha ¢ur. 1, cereBble pecypcsl,
K KOTOpBIM pabodas ctaHims 21 mojaydaer JOCTyI uepes ceTeBoil mHTepdeiic 26, BKIIOYAIOT
cepep 30, pacmoOJIOKEHHBIM B JIOKAJIbHOW CeTH WiIM B TIOOANBHON CETH, TaKOW Kak
UHTPACETh, BUPTYaJIbHAS YaCTHAS CeTh, WK B UHTepHETe, U K KOTOpOoMy pabodast ctaHuus 21
NOJy4YaeT JAOCTYN Yepe3 OJHY U3 TaKUX CETEeBbIX KOMIIOHOBOK U COOTBETCTBYIOILHE
NPOBOHBIE WM OECTIPOBOAHBIE (WIIM U TO U APYTO€) CPENCTBa CBsi3U. B cooTBETCTBHHU € 3TUM
BapUAHTOM oOcCyliecTBiIeHus cepeep 30 mpexacraBiseT cOOOH KOMITBIOTEPHYIO CHCTEMY
TPAJULMOHHONH apXUTEKTYpPbl, AHAJOTMYHOW B OOILIEM CMBICIE apxXUTEKType pabouei
craHiuu 21, u, Takum 006pa3oM, CONEPIKUT OAMH WM HECKOJIBKO LIEHTPAIBHBIX MPOLIECCOPOB,
CHCTEMHBIX IIHH, PECYPCOB MaMsTH, (YHKIMOHAJIBHBIX 3JIEMEHTOB CETEBOro MHTepdeiica u
T. 1. B COOTBETCTBMM C 3THM BapUaHTOM OCYLIECTBJIEHUsS] HACTOSILErO N300pEeTeHUsT CepBep
30 coenuHEH ¢ MPOrpaMMHOM MaMsThIO 34, KOTOpast MPENCTABISIET COOOH MALTHHOYNTAEMBIH
HOCUTEJIb, HA KOTOPOM XPAHATCS BBINOJHSAEMbIE KOMIIBIOTEPOM MPOrpaMMHBIE KOMaHIbI, B
COOTBETCTBUM C KOTOpbIMU cucteMa 20 aHajM3a BBINOJHSET OINepalyy, OIHCAaHHbIE B
HACTOSIIIIEM PACKPBITUU. B COOTBETCTBUM C 3THUM BapUaHTOM OCYIIECTBJIEHHS] HACTOSILETrO
u300peTeHNsT 3TH KOMITBIOTEPHbIE MPOTPAMMHBIE KOMAHABI BBITOJIHAIOTCA cepBepoM 30,
Harpumep, B (GOpMe MHTEPAKTUBHOTO MPUJIOKEHHUS TMOCJTE BBONA JAHHBIX, MEPENAHHBIX OT
paboueii craHimu 21, [ist CO3MaHUs BBIXOOHBIX JAHHBIX M PE3YJIbTATOB, MEPEIaBacMbIX Ha
pabouyro craHmmio 21 s otoOpaskeHHMs WM BBIBOAA IOCPENCTBOM IepH(epuitHbIX
yCTPOKHCTB BBOIA-BBIBOZIA B (hopMe, yIOOHOM aiist mosib3oBatens paboueii cranimu 21. bonee
Toro, cepeep 30 (1, BO3MOKHO, pabodasi ctanuus 21 Mo JIOKaIbHOHN WiH rIoOabHOM CeTH)
UMeeT IOoCTyn K Oubmmoreke 32, B KOTOPOW XPaHUTCS AapxuBHAs WM CIPAaBOYHAS
uHpopmaums, KoTopas MOXeT moHanobutbess cucreme 20. bubmmoreka 32 Moxer
HAXOAMUTHCS B IPYrOM JIOKAJIBbHOMN CETH, WIM albTePHATUBHO K HEMl MOXKHO MOJy4aTh AOCTYII

yepe3 MHTEpHET MK Apyryro riaodanbHyro ceThb. [Ipeanonaraercs, 4To 1ocTyn k Oubnuoreke
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32 TakKe MOTYT IOJy4aTh APYTUe CBA3aHHbIE KOMIBIOTEPHI B 00IIEl ceTu.

[0034] BesycnoBHO, cienuUUHBIA pecypc MaMsATH WIM PACHOJIOKEHHE, B KOTOPOM
(bu3nUecKu HaxXOMATCS Pe3yJIbTaThl U3MepeHUl, Onbmuoreka 32 U mporpaMMHasi IaMATh 34,
MOTyT OBbITh peaJM30BaHbl B PA3JIMYHBIX MECTOMOJOKEHUSIX, K KOTOPbIM y cucTeMbl 20 ecTb
noctyn. Hampumep, Takue faHHbIE U IPOrPaMMHbIE KOMaH/bl MOTYT XPAHUTBCS B JIOKAJIBHBIX
pecypcax mamsitu Ha pabodyeii ctaniuu 21, cepBepe 30 WM B TOCTYMHBIX MO CETU JJISI STHX
byHKUMI pecypcax mamsTH. boriee Toro, Kak U3BECTHO B YPOBHE TEXHHKH, BCE 3TH JTaHHbBIE U
pecypchl IPOrpaMMHOM MaMsATH caMu NO cebe MOryT ObITh pacrpeneieHbl BO MHOXECTBE
MecTononokeHuil. Ilpeanonaraercsi, 4To CHEMUANTUCTBI B OOJIACTH TEXHHKH HACTOSIILErO
u3obpereHuss 6e3 Tpyda CMOTYT pealiu30BaTh XPAaHEHWE U W3BJICUYEHHE MPUMEHHMbIX
Pe3yJbTaTOB U3MEPEHUH, MozeNiel 1 Ipyroi HHPOPMALIUU, UCTIOIB3YEeMON B KOHTEKCTE 3TOTO
BapUAHTA OCYINECTBJIEHUS HACTOSLIETO M300PETEeHUs, MOAXOISAIINM O0pa3oM Ui KaXKAOro
KOHKPETHOT'O IPUMEHEHUS.

[0035] B cooTBeTCTBHU C 3TUM BapUAHTOM OCYINECTBICHUS HACTOSIIETO H300peTeHus
B Ka4eCTBe IpPUMEPAa B CUCTEMHOH NamaTH 24 W B IPOrpaMMHON mamstu 34 XpaHATCA
MAalllHHbIE KOMAaH/bI, BBIMOJHSEMbIE LEHTpPalbHbIM IpoleccopoM 25 u cepsepoM 30,
COOTBETCTBEHHO, JJIS BBINIOJHEHUS (DYHKIUI, OMUCAHHBIX B HACTOSINEM PACKPBITUH. JTH
MalIMHHbIE KOMAaHABl MOTYT OBITH NpEACTaBiIeHbl B (OpMe OJHOW WIM HECKOJbKHX
BBINOJIHSEMBIX IPOTrPaMM WM B (pOpMe HCXOMHOrO KOJAA MM BBICOKOYPOBHEBOTI'O KO, W3
KOTOPBIX TIOJNy4eHbI, COOpaHbl, WHTEPIPETUPOBAHBI WJIM CKOMIMJIMPOBAHbI OIHA WJIH
HECKOJIbKO BBINOJIHSEMBIX IPOrpaMM. MOXHO HCHONb30BaTh JIOOOH M3 HECKOJIbKHX
MAIIMHHBIX SI3bIKOB WMJIM MPOTOKOJOB B 3aBHCUMOCTU OT TOTO, KaKMM OOpa3soM JIOJIKHBI
BBINOJTHATBECS TpeOyemble omnepanuu. Hampumep, 3TH MallMHHBIE KOMAaHIbI JJISI CO3JAHHSI
MOZIEJII B COOTBETCTBHM C BapUAHTAMHU OCYIIECTBJICHUS HACTOSLIETO H300PETEeHHs MOTYT
OBITh 3aITUCAHBI HA TPAAUIIMOHHOM BBICOKOYPOBHEBOM si3bIke, TaKOM Kak JAVA, FORTRAN
win C++, WM Kak TPaJWLMOHHAS JMHEHHAs] KOMIBIOTEPHAs MPOTrpaMMa, WIH MOTYT OBITh
NpeHA3HAYECHbI JUISI BBIIOJHEHUS OOBEKTHO-OPUEHTHPOBAHHBIM METOAOM. OJTH KOMAaHJIbI
TaKXK€ MOTYT OBITh BOIUIOIIEHBI B BBICOKOYPOBHEBOM IMPHJIOKEHHU. bojiee KOHKpETHO,
NPEATONAraeTcs, YTO MOJEIHPOBAHUE CBOWCTB MOA3EMHOIO 00bEMa MOKET ObITh YaCTUYHO
BBITMIOJIHEHO CPEJACTBAMU KOMIIBIOTEPHOrO MPOrPAMMHOIO TNPUJIOKEHUS WIM MakeTa JJisl
MOJIEJIMPOBAHMs], TAKOTO Kak IMakeT KOMIIBIOTEPHBIX MPOrpaMM MOJEKYJSAPHOW AMHAMUKH
«MacmTabHbIi aTOMHBIN/ MOJIEKYJISIPHBIN MacCUBHO-TIapajuIeabHbIi cumysisitop» (LAMMPS)
komrnaHuy «CaHANICKIe HALMOHAJbHbIE JAOOPATOPHMY, HCIIONB3Ysl AJIS 3TOr0 0000IIEHHYIO

MOIACJIb CUJIOBOIO IOJIA, NOAXOAANYIO MJIsI MOJICKYJIAPHOTO MOACITUPOBAHHS, MNPHUMEPOM
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kotoporo siBisiercs: Mmoneib CLAYFF, onucannas B nokymenTe nozg aBropcrom 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), ctp. 1255-1266, BKJIIOYEHHOM B
HACTOSAILIUI JOKYMEHT IOCPEICTBOM CChUIKM. B 500OM ciyuae mpennojaraercs, 4ro
CIIELIMAJIICTBI B O0JTACTH TEXHUKHU HACTOSINEr0 M300pETeHus, MPOUTS HACTOALIee PACKPBITHE,
cMoryr ©Oe3 Tpyna u 0Oe3 HEHYXKHBIX OKCIEPUMEHTOB peajM30BaTh STOT BapHAHT
OCYLIECTBJICHHUs HACTOSIIEr0 M300PETeHUsI TOJLKHBIM 00pa3oM Juist TpeOyeMbIX YCTaHOBOK.
Takue BbINONHSEMBIE KOMIBIOTEPHbIE MPOTPaMMBbl ISl BBIMIOJHEHUS  BapHUAHTOB
OCYILIECTBJICHHUsI HACTOSIIIEr0 H300pEeTEeHHs] MOTYT OBITh YCTaHOBJIEHBI B cucTeMe 20 Kak
pe3uIeHTHbIe, KaKk ObUIO OMUCAHO BBIIIE, WJIH AJbTEPHATHBHO MOTYT OBITh BBIOJHEHBI B
(opMe BBIMONHAEMOrO BeO-TIPHIIOKEHUS, JOCTYIHOTO Uit cepepa 30 W KJIMEHTCKHX
KOMITBIOTEPHBIX CHCTEM, TaKUX Kak pabodas craHums 21, 1 MOJy4deHUs] BXOAHBIX TAHHBIX
OT KJIMEHTCKOW CHCTEMBbI, BBINOJHEHHS MOAYJIECH alropuTMOB Ha BeO-cepBepe W
NPENOCTABIIEHUsT KIMEHTCKOM CHCTEME BBIXOAHBIX MAaHHBIX B HEKOTOPOH yAOOHOI
oTtoOpakaeMoil WM me4daTHOH (opMe. AJNBTEPHATUBHO 3TU BBINOJHIEMbIE KOMITBIOTEPOM
NpPOrpaMMHbIE KOMAHIbl MOTYT HAXOAWUTBHCS B JPYIOM MeCTe JIOKAJbHON WM TiI00aibHON
CeTH WIM MOTYT OBbITh CKauaHbl C BHICOKOYPOBHEBBIX CEPBEPOB WJIM PACIHOJOXKEHUN B BHIE
3amu@poBaHHON MH(POPMALMK HAa 3JIEKTPOMArHUTHOM HECYIIEM CHUTHalle Yepe3 HEKHiH
cereBoll wuHTep(elC WM YCTPOMCTBO BBONA-BbIBOJA. BBINONHSAEMbIE KOMITBIOTEPOM
NpPOrpaMMHBbIE KOMaHIbl MOTYT OBITh HM3HAYAJIbHO COXPAHEHbI HA CHEMHOM WM APYIOM
SHEPrOHE3aBUCHMOM MALIMHOYHUTAEMOM HOCHTENe AaHHbIX (Hampumep, DVD-nucke, ¢uer-
NaMsATH W T.T.) WIX MOTYT OBITh CKa4aHbl B BHiE 3amIU(ppOBaHHON HH(POpMAIMM Ha
SJIEKTPOMArHUTHOM HECyIIeM CHrHajle B (opMe NpOrpaMMHOrO Takera, € KOTOPOro
BBIMOJTHSIEMbIE KOMITBIOTEPOM TMPOTPAMMHBIE KOMAaHZIbl OBUIM TPATULMOHHBIM CIIOCOOOM
YCTaHOBJIEHBI CUCTEMOH 20 111 yCTAHOBKH MPOTPAMMBI.

Oyenxa HOHHOT NPOBOOUMOCIIU 2TTUHUCTIOSO MUHEPANA

[0036] Ha ¢ur. 2 mnokasaH oOwmuii mpuHUMN paboTel cucteMbl 20 BO Bpems
MOJIEJIUPOBAHUS I OLIEHKH YyIEIbHOM MPOBOJAMMOCTH MOJEIN CHUCTEMBbl TJIMHHUCTBIX
MHUHEpAJIOB, KaK MPaBUJIO, COOTBETCTBYIOIIEH KOMIIOHEHTY M3y4aeMOro MOJ3€MHOr0 IIacTa,
B pa3Benke W No0brde HepTH M rasa B COOTBETCTBUU C OAHMM BAPHUAHTOM OCYIIECTBIICHHS
HacTosmero nzobperenusi. Kak ObUIO yKa3aHO BBILIE, MPEATNIONAraeTCs, YTO Pa3IUMYHbIE
cTaguu U (YHKLUHUH 3TOrO MPOIECcca MOTYT OBITh BBIMOJHEHbI OJHUM WM HECKOJIbKUMH
BBIUNCJIUTEIBbHBIMU pecypcamu B cucteme 20, BBIMOJIHSAIOLIEH KOMIBIOTEPHbIE IPOrPAMMHbBIE

KOMaH/Ibl, HAXOOAIIUECA B )IOCTyrIHOI\/'I HpOFpaMMHOfI naMAaATH, B COOTBCTCTBHH C BBOOAHMMbBIMHA
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B COOTBETCTBYIOIIMX CJy4Yasx II0Jb30BaTeNleM pAaHHbIMH. Kak ObUIO yKa3aHO BBIIIE,
npearnonaraercs, 4ro cucrema 20 Oyaer 3anporpaMMHpOBaHa B COOTBETCTBUU C BapHAHTAMU
OCYIIECTBIIEHUSI HACTOSIIIEr0 H300PETEHNUs C TOMOIIBIO KOMITBIOTEPHBIX MPOTPaMM, KOTOPBIE,
B Clly4ae BBIMIOJIHEHHs BBIYHCIMTENBHBIMH pecypcamu B cucteme 20, OyAyT BBIIOJIHATH
pas3NIUYHBbIE MPOLIECCHI, ONMUCAHHBIE B HACTOALLEM PACKPBITUH, AJI1 MOAEIUPOBAHUS YAEIbHON
NPOBOAUMOCTH CHUCTEM TJMHHUCTBIX MUHEPAJIOB B COOTBETCTBUU CO 3HAYEHUSIMH H
COOTHOLIEHHUSIMH PA3JIUNYHBIX (PH3UUECKUX MapaMeTPOB.

[0037] XoTs B npuBEAEHHOM Aajiee PACKPBITUM MPUBOAUTCS MIPUMEP 3TOM ONepaLyy,
BBINOJTHSIEMOH Ha pabouel craHimu 21 B ceTeBOH KOMIMOHOBKE cUCTeMbl 20, MOKa3aHHOH Ha
¢dur. 1, pasymeercsi, cieqyer MOHUMATh, YTO KOHKPETHBIH BBIYMCIUTEIbHBIH KOMIIOHEHT,
WCIIOJIb3YEMBII [Tl BBIMIOJHEHUSI KOHKPETHOM ONepalny, MOKET CYLIECTBEHHO OTJIMYAThCS B
3aBHCHMOCTH OT peaJi3alii CUCTeMbl. TakuMm oOpa3oM, MPUBEACHHOE Jaliee PaCKpbITHE HE
SIBJISIETCS.  OTPAHUYMBAIOLINM, B YAaCTHOCTH, B OTHOLIEHHMH OOO3HAYEHHS KOMIIOHEHTOB,
3a/1eliCTBOBaHHBIX B KOHKpeTHOH omnepauuu. ClenoBaTesbHO, MPEAINOoaraercs, 4ro IMocle
NPOYTEHUsI HACTOSIIErO PACKPBITUS CIIELUANINCTaM B OOJACTH TEXHUKU HACTOSIIETO
M300pEeTEeHNsT CTAHET NOHSATEH CIOCO0, KOTOPBIM STH ONepauud OYyAyT BBITOJHATHCS
BBIYMCJIMTEJIBHBIMU PECYPCAMHU B PAa3jIMYHBIX PEATU3aLMsIX M BapUAHTaX OCYLIECTBJICHHUS.
CnenoBaTenbHO NPEANONAraeTcsi, 4YTO YIOMHUHAHHUS BBINOJHEHUS KOHKPETHBIX OINepaluil
cucremoii 20 Oyzmer HOOCTaTOYHO IUIsI TOTO, YTOOBI CHELHAJUCTBI B OOJACTH TEXHUKH
HACTOSIIIEro n300peTeHnst Moriiu 0e3 Tpyla peanu3oBaTh €ro BapHAHThI OCYLIECTBICHUs 0e3
HEHY>KHbIX SKCIIEPUMEHTOB.

[0038] Kak mokazaHo Ha ¢ur. 2, Ha4YalnbHOW Craaueld OLEHKH YIeJIbHOU

)
NPOBOAUMOCTH CHUCTEMbl T[JIMHHUCTBIX MHHEpAJOB B COOTBETCTBHH C BapHaHTaMHU
OCYLIECTBJICHHsI HACTOSIIEr0 HM300pPETeHUsl SIBISIETCS IMOCTPOSHHE MOJIEKYJISIPHOH MOZIENH
cucteMbl TIMHBL B npouecce 40. B pamkax HAcTOALIErO pPACKPBITUS TEPMUH
«MOJIEKYJIIPHBII», UCMIOJAB3YEMbIN B KOHTEKCTE MOJIEJIEN CUCTEM TJIMHBI U OLIEHKH YIEIbHOU
MPOBOJUMOCTH, B HACTOSALLEM PACKPBITUM O3HAYAET MOAEIH M MPOLECCHl MOAEIUPOBAHUS, B
KOTOPBIX MPEACTABIEHb] OTAEIbHbIE aTOMBI, HOHBI U MOJIEKYJIbI, B TAKOM KOHTEKCTE€ TEPMHUH
«MOJIEKYJIIPHBIID BKIIFOUAET OCOOBIE BUIbI ATOMOB M HOHOB, a TAK)XKE MOJIEKY L.

[0039] Ha ¢ur. 3 u 4a—4g noapoOHO MOKa3aHO BBINOJNHEHHE mpouecca 40
MOCTPOEHUSI MOJIEKYJISIPHOM MOJEIN CHCTEMbI INIMHUCTBIX MHHEPAJIOB, CMOAEIUPOBAHHON B
COOTBETCTBHH C OJHHUM BapHUaHTOM OCYIIECTBJIEHHUs HacTosuero msodperenus. Ilponecc 40

MOCTPOCHUSI HAUMHAETCS C BBINONIHEHUs cTaauu 50, COrlaCHO KOTOPOM CTPOSAT aHAJIOTUYHYIO

0€3BOIHYIO TJIMHHUCTYK) CTPYKTYPY, B 3TOM IMPUMEPE BBLINIOJHEHHYIO B COOTBETCTBUHU C
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MOJZIENIBIO 3JIEMEHTApHOU siueliku. Takyr aHaJOrHuHYyI O€3BOAHYIO TJIMHUCTYIO CTPYKTYPY
CTPOSAT C LIEJIbI0 BOCCO3JJaHUSA aTPUOYTOB MOJEIUPYEMON CHCTEMBbI TITMHUCTBIX MUHEPAJIOB.

[0040] Ha ¢ur. 4a mokazaH mpuMep TakOW aHAJIOIMYHONW OE€3BOJHON TJIMHBI, HA
OCHOBAaHUH KOTOpPO# OyZeT mocTpoeHa MoOnedb CMEKTUTOBOH (pa3Oyxarorueii) TJIMHBI B
COOTBETCTBHH C 3TUM BAPHUAHTOM OCYLIECTBJICHHS HACTOSIIEr0 M300peTeHus. AHAJOTHYHAs
IJIMHA, MMOKa3aHHasi Ha (ur. 4a, OCHOBaHa HAa MYCKOBHUTE, KOTOPBIH MPEACTaBIsAeT COOOI
AHAJIOTUYHYIO TJHHY Ui MOAEJNHUPYEMON CMEKTUTOBOW TIJIMHBL. MYCKOBUT SIBJIETCS
ATFOMOCWJIMKATOM CJIOMCTOTO CTPOEHHUsI CO CTPYKTYPOH 2-1, TO €CTh KaKIbIil CJIOW 65 TIUHBI
COCTOMT W3 JBYX JIHCTOB KPEMHHEBBIX TETPAadApPOB IO 00€ CTOPOHBI JIHCTa
AFOMOTHIPOKCHIIBHOTO  OKTadApa (Hajee — JHCT aJIOMHHHEBOro okrta’npa). CoriacHo
5TOMY MPHUMEPY TaKyK CTPYKTYPy MYCKOBHTa MONUQULHUPYIOT, YOI HOHBI KAl H3
OKTa3[paJIbHOTO JIMCTA U 3aMEHsisl aTOMbl alOMMHUS B TETPa’ApUYECKUX JIMCTaX aTOMaMU
KpeMHHUsS. 3apsl TakOH CTPYKTYPbl OCTAaeTCsl HEHTpaJbHBIM U B ee 0e3BOgHOH (opme
oOpasyer cTpykrypy mupodpmwumroBod rimHel. Ha ¢ur. 4a mnokasaHa cTpykTypa
PO UIUTUTOBON TIIMHBI JIJIs1 YYACTKOB Mapbl MapajuIeNIbHbIX MIMHUCTBIX CIIOEB 05, KasKabli
U3 KOTOPBIH COAEPKUT ABa KpeMHHUEBbIX jmcta 60 mo obe CTOpOoHbI OAHOro Jmcta 62
amoMuHHeBoro okrasapa. Ha ¢ur. 4a mnokaszaHa siemeHTapHas siuelika 64, koropas
BBINOJHSAET (PYHKLMIO OCHOBBI JJII MOJEIM TAaKOH CHUCTEMbl TIJIMHHUCTBIX MHUHEPAJIOB,
XxuMu4eckast (opMmyiia 3J€MEHTapHOW siueliku 64 B COOTBETCTBHM C 3THUM IPUMEPOM
BBIIJISIIUT caenyromum oopasom: Si8A14020(OH)4. Atomer amomunus (Al), kuciaopona (O),
Bogopona (H) u kpemuust (Si) B Mogenu nupodUUTUTOBOM TiMHBI 0003HaUYEHbI HA Qur. 4a.
U3 npumepa cornacHo ¢ur. 4a o4eBUIHBIM O0Pa30M BBITEKAET, YTO TMapajuiesibHble CIou 65
pasnmeneHbl Mexay CcoOOi  MEKCIOHHBIM — HpOCTpaHCTBOM 63  (T. €.  TYHHENIbHBIM
MPOCTPAHCTBOM MEXIY CJIOSMH 65 B CTPYKType), Kak OyJeT ONMMCaHO HMIKE, THApaTaLus
TAKOW TJIMHUCTON CTPYKTYpHI NMpHUBENET K HaOyXaHHIO OObeMa TJIMHBI, MMOCKOJBbKY B 3TOM
MEXKCJIOHHOM MPOCTPAHCTBE 63 MEXKAY YKA3aHHBIMH MapauICIbHBIMU CIOSIMU 65 CTPYKTYPBI
OyeT HaXOOUTHCS OUH UITH HECKOJIBKO CJIOEB BOJBL

[0041] Ha ¢ur. 4b mnoka3zaHa CTPYKTypa OJJIEMEHTapHOW SMEHKH JPYyroro
aHAJIOTHYHOTO MIMHUCTOTO MUHEpaJia, @ MMEHHO KaoiduHUTa. KaommHuT npencrasisier coboit
TJIMHY CO CTPYKTypoil 1-1, B koTOpoii cioit 65’ (M, clenoBaTeiIbHO, dJIEMEHTApHAs sSUeiika
64') rUHBI CONEPIKUT OUH KPEMHHUEBBIH JUCT 60 1 OAMH JUCT 62 aIFOMUHUEBOTO OKTa3Apa.
W3 ypoBHA TE€XHUKU W3BECTHO, YTO KAOJMHUT HE SABISIETCS CMEKTHTOBOW IJIMHOH (T. €. HE
o0nagaer TOCTOSHHBIM OTPHULATENBHBIM 3apSAOM  CTPYKTYpBI), IOSTOMY B Cly4ae

rugparaudd  He Oyner pasOyxate Mexnay ciosimu 05'. 3pmech kpast (T. €. KOHLIBI)
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KAOJIMHUTOBBIX CJIOEB 65' SBISIOTCS PEaKIMOHHOCHOCOOHBIMH, ITOSTOMY HPEACTABISIOT
co00if y4acTKH B3aUMOJEHCTBHS C MOJICKYJIaMH Macja 1 BOZbI.

[0042] IIpennonaraercsd, 4YTO TakKWe€ BapUAHTbl OCYLIECTBJICHUS HACTOSLLETO
M300peTeHNst MOYKHO UCIIONIb30BATh Il MOZAEIMPOBAHUS YEIbHOW MPOBOJUMOCTH B 3THUX U
APYTUX TIMHUCTBIX CTPYKTypax. B pamkax HacTOSINEro pacKpbITHs INIMHUCTasl CTPYKTYpa,
nokasanHas Ha ¢ur. 4a, Oyzmer onucana kak npumep. [Ipennonaraercs, 4To CEMUATUCTHI B
O0JNIaCTH TEXHHMKHM HACTOSINEro H300peTeHUs, M3yYHUB HACTOSINUN JOKYMEHT, CMOryT Oe3
TpyZa NPUMEHUTH CHNOCOOBI M CHCTEMBI, OMHMCAHHBIE 371€Ch, HE Tpuberass K HEHYKHBbIM
SKCIEPUMEHTaM, K KAOJMHUTHOH TJIMHE, TOKa3aHHOH Ha ¢ur. 4b, m k #apyrum
UHTEPECYIOIUM UX TTHHAM.

[0043] Kak moka3ano Ha (ur. 3, ¥ COMIACHO 3TOMY BapHAHTY OCYIIECTBIIEHUS, MTOCIE
o0pa3oBaHMsI CTPYKTYPHI dJIEMEHTApHOU stueliku B mporecce 40, MepexonsT K BBIMOJTHEHUIO
cTtaauu 51 s OpTOroHaIN3alMK TAKOM 3JIEMEHTApHON sTueliku 64 B pEryJsipHyO CTPYKTYpY,
rae KakAOMy aTOMy Ha3HaueHbl KOOPAWHATBI [UJIsl OINpeAesieHUus HX IOJOKEHHUs B
koopauHaTHON cucreme. Craams 51 oOpTOroHaNMM3alMKM HE SBISIETCSl  OOsI3aTEIBHOM,
MOCKOJIBKY MOCJEAYIOLINE CTaAuN MOAECIUPOBAHUS, ONMHCAHHBIE B HACTOSIUEM NOKYMEHTE,
MOYKHO MPUMEHUTh K CUCTEME MUHEpaja C ICXOJHOW CUMMETPHUEH CTPYKTYpHI (T. €. KOTopas
MOKeT ObITh HE OPTOrOHaNBbHOM). ONHAKO MpennoyiaraeTcs, 4ro mocjenyrooas odpadboTka
Oyzner s¢exTrBHEE HA CHCTEMax C OPTOTOHAJBHOW MOENbIO, MOJy4eHHOM Ha ctamuu S1.
ITocne opToronanu3anuu, BbIMOJIHEHHON B COOTBETCTBUU € 3TUM BapUaHTOM OCYILIECTBIICHUS,
Ha cTaguu 52 D5JEeMEeHTapHyr s4deiiky 64 pa3sBopauuBarOT B CBepxbsdeliky. Takas
CBepXbsivelika, CO3MaHHasi Ha cTanuu 52, 00pa3oBaHa U3 Psifia TAKUX 3JIEMEHTAPHBIX siYeek 64,
a ee pasMep JOCTaTOYHBIN ISl BBIOJIHEHUS ONUCAHHBIX B HACTOSILIEM JOKYMEHTE CTaaui
MOIEMpPOBaHus. Hampumep, dJeMeHTapHyK s4eiiky 64 coriacHo ¢ur. 4a MOXKHO
pa3BepHYTh Ha CTaauM 52 B CBEPXbAUEHKY U3 IIECTUAECATH YETHIPEX 3JIEMEHTAPHBIX SUeek,
pacIoNioXKeHHbIX B KOH(urypaunu 8 X 4 X 2 B HaNpaBICHUSX X, Y U Z (B COOTBETCTBHH C
opueHTtanuen ¢ur. 4a), COOTBETCTBEHHO. KOIMUeCTBO MOBTOPEHUH 3JIEMEHTApHOU SIYEUKH B
KaKJIOM HANPaBJICHUH MOXKET, KOHEYHO K€, OBITb APYIMM B 3aBUCHUMOCTH OT TpeOOBaHUHN
MozenupoBaHus. KaknoMy aroMy B TPENCTABIEHHHM CBEPXbIYEHKH OYyAyT MPHUCBOCHBI
KOOPJAWHATHI, ONMUCHIBAIOIINE €r0 MOJOKEHNE B KOOPAUHATHOU CUCTEME.

[0044] B cooTBeTCTBUHM C 3TUM BapUAHTOM OCYIIECTBIICHHUS HACTOSIIETO H300pETEHUS
Ha cTtanuu 54 WOHBI BBHIOPAHHOTO BHIA TMONACTABISIOT B CTPYKTYPY CBEPXBSIUEHKH B
COOTBETCTBHH C TpeOyeMOl IUIOTHOCTBHIO 3apsiia MOAEIHPYEMOH TIMHbL. B cooTBeTCTBHM C

OTUM BapHaHTOM OCYILICCTBJICHUSA HaCTOAICIO I/1306peTeHI/IH MOICIIUPYIOT



15

MOHTMOPHJUIOHHTOBYIO CMEKTHUTOBYIO TJHHY. TakuMm o0pa3oM, MOHBI MarHusi 3aMeInaroT
WOHBl AJIIOMMHUS B OKTa3[paJbHOM JIUCTe 02 CTPYKTYpbl CBEPXbAYEHKH, KaK MPaBUIIO
CydaifHbIM 00pa3oM. B ypoBHe TeXHMKH W3BECTHO, YTO 3apsia HOHOB MarHws (Mg2+)
OTJIMYAETCs OT 3apsizia 3aMellaeMbIX HOHOB amoMuHus (Al3+), B pedynprare 4ero B Mecrax
pPacHoNIOKeHHsT B CBEPXbAYEHKEe HMOHOB MarHus OOpasyloTCsl YYaCTKH C OTPHULATEIbHBIM
sapsimom. Ha ¢ur. 4c u 4d mnokasanbl NpuMeEpbl CBEPXBIYEEK MOHTMOPHIIOHHUTOBOM
CMEKTHTOBOH TJIHHBI, OCHOBAHHBIE HA CTPYKTYpe COrNIAcCHO (ur. 4a, B KOTOPBIX HOHBI MarHUs
3aMelal0T B CIy4allHOM MOpsAKE HOHBbI aJIOMUHUS TNPHU JIBYX Pa3HBIX KOHLIEHTPALUAX
3apsina; Ha ¢ur. 4¢ u 4d mokazaHbl BUABI B INIAHE OTHOCUTEIBHO CEYEHUST BUIA COTJIACHO (UT.
4a, MO3TOMY MEXCJIOHHOE MPOCTPAHCTBO 63 MeXAYy MNapaUIENbHBIMU CJIOSIMU TJIMHBI HE
BuAHO. HecMoTpst Ha TO, 4TO pa3MelleHne 3TUX 3aMELIEHHBIX HOHOB SIBJISIETCS CIy4alHbIM,
TAKOE€ pACIOJIOKEHHE JIydllle KOHTPOJUPOBATh, 4YTOOBI NPEAOTBPATUTH OOpa3OBaHHE
B3auMozeicTBusl Omwkaimmx cocenei Mg-O-Mg. Ha ¢ur. 4c mnokasan mnpumep
OTHOCHUTEJIBHO HHU3KOIO 3apsja, MPUYEM YHCTasi IUIOTHOCTB 3apsiia CBEPXbSUEHKU IOCHE
cranuu 54 3amenieHuss cocrasiasier -0,375¢ Ha DBAEMEHTApHYKO sSYEeHKy, TIe € —
3JIEMEHTAPHBIN 3apsi 3JIEKTPOHA, YHaCTKU 00 C OTPULIATENBHBIM 3apsA0M MOKA3aHbl HA 3TOU
¢ur. 4c B MecTax, COOTBETCTBYIOLIHX MECTaM PACIOJIOKEHUS 3aMEINA0INX HOHOB MAarHus.
Ha ¢ur. 4d mnokazaH mnpumep BBICOKOrO 3apsiAa, NpPUYeM 4YHCTas IUIOTHOCTh 3apsifa
CBEPXbAUEHKHU NOCJIE CTaauu 54 3aMelneHus cocrasiseT -0,750e Ha 3IEMEHTapHYIO S4YEHKY,
YTO B JIBa pa3a OOJIblIe MIIOTHOCTH YYACTKOB 60 C OTPULIATENIBHBIM 3apsiIOM, KaK U B IPUMEpe
cornmacHo ¢ur. 4¢c. Takxke B paMKax CTaauu 54 MOHHOTO 3aMELICHHsT MOJENb CBEPXbSUEHKU
JOTOJHUTEIBHO MOTU(PUIMPYIOT MOCPEACTBOM BCTABKH MPOTHBOUOHOB B O0JIACTh MEKAY
CNOsIMHM, 4YTOOBI CBEpXbSYCHKa HMeNa HEUTpaJbHBIA 3apsii. B COOTBETCTBUH C 3TUM
NPUMEPOM HUCTIONB3YIOT TMPOTUBOUOHBI HATPUA WIJIM TPOTUBOMOHBI  KaJbIMs, XOTS
aNbTEPHATHUBHO MOXKHO MCMOJB30BaTh IMIPOTHUBOMOHBI APYIMX BHUAOB. B mpumepax coriacHo
¢dur. 4c u 4d (1. e. ¢ pa3HOU MJIOTHOCTBIO 3apsia) XUMHUYECKHe (POPMYJIbI 3JIEMEHTAPHOU
SYEHKH, TMOJIy4aeMOW Ha CTaauu 54 C UCHOJIb30BAHUEM NMPOTUBOMOHOB HATPHUs, BBIMJISASAT
CJEYIOLUM obpazom: Na0.375Si18A13.625Mg0.375020(OH)4 u
Na0.75S18Al13.25Mg0.75020(0H)4, nans 3apsga  HHU3KOM M BBICOKOH  IUIOTHOCTH
COOTBETCTBEHHO.

[0045] Ha cranuu 56 CTpyKTYpy MOJENU CBEPXBSYEHKH INIMHBI THAPATUPYIOT, BBOIS
MOJIEKYJIBI BOABI B MEXCJIOHHOE MPOCTPAHCTBO MEXKAY CJIOSMH TIJIMHBI B CTPYKType
cBepxbsueliki. Hanpumep, B CTpyKType MOHTMOPHWJUIOHUTOBOH TJIMHBI COrJIacHO (ur. 4a Ha

ctaauu 56 rumgpatanusi CJIOU TNIUHBI CO CTPYKTYpPOH 2-1 pas3faensitoT MOCPEeNCTBOM BCTaBKU
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MOJIEKYJI BOJIbI B MEKCIIOMHOE MPOCTPAHCTBO 03 MexkAy cyossMu 65. B cOOTBETCTBUM C 3TUM
BapUAHTOM OCYILIECTBIIEHHs HACTOALIET0 N300PETEHNs B Pe3yJIbTaTe BBOJA MOJIEKYJI BOABI HA
CTaguu 56 5T MOJIEKYJIbI BOZIBI BCTABISAIOTCS B (DOpPME LIEJIOT0 YHCIIa CIOEB MOJIEKYJI BOJBI B
COOTBETCTBMM ¢ TpeOyemMoll MopenupyeMoil KoHueHTpauueil Boxel. Hampumep, B
MEXCJIOHOEe MPOCTPAHCTBO 63 MOTYT OBITH BCTABJEHbI ONIUH, ABA MM TPU CIIOS BOJIBI, B
pesysbraTe 4ero OyayT MOJy4YeHbl CTEXHOMETpUYeckue oTHouenus 3,9, 7,9 u 11,8 monekyn
BOJIBI Ha BJIEMEHTApHYIO S4elKy, COOTBETCTBEHHO. COINIaCHO OJHOMY NpUMEpPY CTamuio 56
BBIMOJTHSIOT, mnepememnas mnporuBouoHbl (Nat, Cat2), BcTaBieHHble Ha cTaauud 54 B
MEXKCJIOWHBbIE MPOCTPAHCTBA 63, B MeCTa BbIII€ UM HI)KE COOTBETCTBYIOLIMX YYaCTKOB C
OTPHULIATENIbHBIM 3apsiioM 66 B 3aBHCHMOCTH OT OOCTOSITEJIbCTB, TOCJIE YEero OCTAaBIIUHCS
00BEM MEXKCIIOMHOTO MPOCTPAHCTBA 63 3aNOJHSIOT COOTBETCTBYIOIIMM  KOJHYECTBOM
MOJIEKYJI BOZbI B TpeOyemMol KOHLeHTparmu. Takas BCTaBKa MOJIEKYJ BOABI 0OECIeunBaeT
YBEJIMYEHUE pa3[eNeHusl MEXIy MNapajuleIbHbIMU CJIOSIMH TJIMHUCTOM CTPYKTypbl 2-1 w,
CJIEZIOBATENIbHO, COOTBETCTBYET Pa30yXaHHIO TJIMHBI, XapaKTEPHOMY JUJIsl CMEKTUTOBOW TJTUHBI
3TOro TUNa.

[0046] Ha ¢ur. 4e—4g nmokasaHa MOAeNnb CBEPXbSUYEHKU TJMHBI coryiacHO ¢ur. 4a
nocje craguu 56 ruapaTtaliy ¢ pa3HbIMHU KOJMYECTBAMU BOAOHOCHBIX CJIOEB, BCTABJIEHHBIX
mexxay cnosimu 65. Ha ¢ur. 4e nokasaHa koH(QUrypauusi CBEpPXbsSUeHKN TJIUHBI, B KOTOPOH
MEXAY NapajuleJIbHBIMU CIOAMU 05 TIIMHUCTOW CTPYKTyphl 2-1 BcTaBneH onuH cioit 67(1)
Boabl. M3 ¢ur. 4e BUAHO, uTO MPOTHBOMOHBI HaTpus (Nat) ynepKMBArOTCSI B BOIXOHOCHBIX
cnosix 67(1). Ilonyyaemoe B pe3yJsibTaTe pas3fesieHHE MEXAY CMEKHBIMH MapalijiesIbHbIMU
cnosimu 65 obpasyer mwar cjoe d(1) mns ciay4das ¢ ogauM cyoem 67(1) Boasl. Micnonb3yembiii
B HACTOSIIIEM JOKYMEHTE TEPMHUH «IIar» O3Ha4daeT CyMMAapHYIO TOJIIHUHY OAHOrO ciosi 65 u
CMEKHOTO MEXCJIOMHOTO MPOCTPAHCTBA 63; 3TOT LIAr CIOEB INIMHBI MOXKHO paccMaTpUBaTh
KaK  9KBUBAJIEHT  0a3aJbHOTO MEXIIJIOCKOCTHOTO paccTosAHMUs, U3MEPEHHOIO
SKCMEPUMEHTAIBHBIMH METOIAMH IOPOIIKOBOW pEeHTreHOBCKoH audpakuun. Ha ¢ur. 4f
NOKa3aHa KOH(Urypanusi CBEPXBSYEHKM C JBYMS BOAOHOCHBIMH  ciosiMu  67(2),
BCTABJICHHBIMU MEXy Ka>KIOH Mapoil mapajieNbHBIX CJIOEB 05 INIHHBI CO CTPYKTypoH 2-1;
mrar cjoeB d(2) B aTom ciyudae Oyner Oonbie miara d(1) mis KOHPUTYpaLMK C OHUM CIIOEM
cormacio ¢ur. 4e. Ha ¢ur. 4g noxaszaHa KOHPUTypaLusi CBEPXBIUEHKH C TpeMms
BOJOHOCHBIMH CJIOSIMH 67(3) MeXny KakKaoH Mapod CMEXHBIX MapajuIebHBIX CIOEB 05,
npudeM mar cioes d(3) B KoHUrypauuu ¢ TpeMs BOJOHOCHBIMH CIOSMU Oyzmer Oosnblue
mara d(2) B koHpUrypauuu ¢ AByMsi BOZOHOCHBIMU CJIOSIMU.

[0047] Kax moka3ano Ha ¢ur. 4e—4g u Kak ObUIO YKa3aHO BbIIIE, MPOTUBOHOHBI
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(manmpumep, Na+t) yIoep>KuUBArOTCA BO BCTaBJIEHHBIX BOAOHOCHBIX ciosix 67. Kommuectso
TaKUX NPOTUBOMOHOB U HUX IUIOTHOCTBb 3apsiia OMNPEAEssaeTcsl KOJIMYECTBOM 3aMEILECHHU
(Mg2+ B 3TOM mpuMmepe) B closX 65 rMHBI B O€3BOJHON CTPYKType, OOpa3oBaHHOH Ha
craguu 50, u, TakuM 0Opa3oM, HE MEHSEeTCs B 3aBUCHUMOCTH OT KOJIMYECTBA BOJOHOCHBIX
cyoeB 67, BCTABIIEHHBIX B MpercTaBieHUue cBepxbsueilku. ITockonbky mporusBononsl (Nat
i Ca2+, B 3aBHCUMOCTH OT OOCTOSITENIbCTB) HAXOAATCS B BOJOHOCHBIX CJIOSIX 67, OHH OyAyT
IBUTaThCsl TMOJ JEHCTBHEM COOTBETCTBYIOLIErO CTHMyJa (XOTS  CUHTAETCS, YTO
B3aUMOJIEHCTBUS MEXXIY MPOTHBOMOHAMHU U COCETHUMH MOJIEKYJIAMHU BOJbI OYAYyT MPUBOIUTH
K JABIKeHHI0O obOoux). Takum o0pa3oM, HUMEHHO B pe3yJIbTaT€ TAaKOro IBW)KEHUS
NPOTUBOMOHOB B OTBET HA NPUKIAAbIBAHWE IIOTEHIHAJAa B TJHHE OyIeT BO3HHUKATh
BJIEKTPUYECKasl yJeJbHAas MPOBOAUMOCTb. MonenupoBaHHME MOHHOW MPOBOAUMMOCTU TAaKOW
IJINHUCTON CTPYKTYpbl B COOTBETCTBMM C BapUaHTaAMU OCYINECTBJICHUs] HACTOSLIErO
300peTeHNs MO3BOJIUT ONPEACNUTh JBIKEHUE 3THUX MPOTUBOMOHOB W OLEHHTH HOHHYIO
MPOBOJUMOCTb CUCTEMBI INIMHUCTBIX MUHEPAJIOB.

[0048] KoopauHaTel aTOMOB B CTPYKTYpe CBEPXbAU€HKH Mocie craauu 56
rUapaTaluy  pacUIMPSIFOT JJIsl Pa3feleHusl MEXAy CMEXHBIMU ClI0oAMH 65, BKIIIOYas
KOOPAMHATBI MPOTUBOMOHOB, a 3aTEM HMX COXPAHSIOT KAaK MNPEACTABICHUE MOCTPOCHHOU
MOJIEKYJIIPHOM Mozenu B noaxozsimem Gopmare B namsitu cuctemsl 20. 3aTem Ha cranuu 40
CTPOAT MOJEIUPYEMYHK) MOJIEKYJSIPHYIO MOAENb CUCTEMBbI INIMHBI HecMoTpst Ha TO, 4TO
CBepXbsiuelky Ha (ur. 4e—4g NpeACTaBISIFOT MOIEIH KOHEUHOTO pa3Mepa, Ha MPAKTUKE sl
3¢ deKTUBHOrO mnpenacTaBieHuss OECKOHEUHOrO 4YHCIAa MOBTOPSIOLIMXCS CBEPXbIYEECK B
HAIPABJICHUSX X, Y M Z HCIOJB3YIOT NMEPUOJNUECKIe IPaHNYHbIEe YCIoBHA. Takum obpasom,
ANIEKTPOCTATUYECKHE  B3aMMOJACHCTBHUS  JAaJbHEro JEHCTBHS  OyOyT  BKJFOYEHbI B
MOCJIEAYIOIIME MOIEeTUpOBaHus MeTonoM M/, kak OyZeT MUcaHo HIKeE.

[0049] Ha ¢ur. 2 nmokazaHo, 4TO MOJEKYJSIPHYIO MOJEJNb, MOCTPOSHHYIO HA CTaJHH
40, mepeBomsar Ha craguro 42, Ha cragmm 42 COCTaBJSIOINM (aToMaM, MOJIEKYJiam)
MOCTPOEHHOM MOZENN M MX B3aUMOAEHCTBUAM JpPYr C JOPYIOM HA3HA4YarOT IapaMeTpPhI
CWIOBOrO Mnojs. B COOTBETCTBMM C 3THUM BapUAaHTOM OCYINECTBJICHHs HACTOSILErO
u300peTeHusi MOJIeIb CHJIOBOTO TOJIsl Uil TJIHMHBI, u3BecTHas noa HasBaHuemM CLAYFF,
onucaHHas B JOKyMeHTe 1oz aBTopcTBoM Cygan et al., BKIFOUEHHOM B HACTOSIIIUIN JTOKYMEHT
BBILIIE TTOCPEICTBOM CCHUIKH, MPENOCTABISIET 3HAUNUTENBHO OOJbIIe THOKOCTH NPU ONMHCAHUH
[apamMeTpoB B3aUMOJEHUCTBHUSI MEXKAY aTOMaMH M MOJIEKYJIAMH B MOJEIU CBEPXbSIYEHKU
TMAPAaTUPOBAHHOM MOHTMOPWJIJIOHUTOBOM IJIMHBL, NOCTpOeHHOM B mnpouecce 40. B

COOTBETCTBHUU C 3THM BapHUAHTOM OCYLICCTBJICHUA HACTOSALICTO I/1306peTeHI/I${ Ha3HAYCHUC
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STHUX MAPAMETPOB HA CTaAUU 42 NOJKHO BBIMNOJIHATHCS CUCTeMON 20 B MPOrpaMMHON cpene
MOJIEJIMPOBAHMS], TAKOM KaK MaKeT KOMIBbIOTEPHBIX MPOrpaMM MOJIEKYJSIPHOM AMHAMUKH
LAMMPS, onucaHHbBIN BbILIE.

[0050] 3naueHuss napaMeTpoOB CHJIOBOTO MO M MNEPEMEHHBIX MOAEIUPOBAHUSA
HA3HAUYalOT COCTABJSIIOIIUM IMOCTPOEHHOM Ha craguu 42 monenu. Kak onumcaHo B cratbe
Cygan et al., mapaMeTpsl CHIIOBOTO ITOJISI BKJIOYAIOT:

® T[peiCTaBlIiEHHs] aTOMOB B MOJENIM KaK TOYEUHBIX 3apsANOB B TOYKaX B
npenenax — KOOPAMHATHOM  CUCTEMBI € IOCTYNATEJIbHONW  CTENEHBIO
MOJBIYKHOCTU BHYTPH CTPYKTYPBI MOJIETIH,

® DBHEPruu KaXJ0ro B3aMMOJEHCTBHs aTOM-aTOM B CHUCTEME, BKJIKOYAsl SHEPIUU
Ul 3JIEKTPOCTATHUECKOTO B3aUMOIEHCTBUS JalbHEro NeiCTBUSA (3aKOH
Kynona) u B3aumonetictus OnmkHero aevicteus (cuiibl BaH-nep-Banbca), a
TaK)K€ UX TPAaHUYHbIE PACCTOSIHUS, U

®  yIJIBbI CBSI3H, JJIMHBI CBSA3U U T. JI. AJI TUAPOKCUIIBHBIX TPYIII U MOJIEKYJ BOABI.

bonee Toro, Ha crazuu 42 TakXke MOIyT Ha3Ha4yaTb 3HAYEHUS] KOHKPETHBIM
NEPEMEHHBIM MOJIEJIMPOBAHUS B COOTBETCTBUHU C TPEOyEeMBIMH YCIOBHSIMH MOAEITHUPOBAHNUS,
Hanpumep, BKIOYast:

® TpaHHUYHBIC YCIOBUS, OMUCHIBAIOLINE IABJICHUE, TEMIIEPATYPY U 00BEM;

e Ipynny TEPMOAMHAMHYECKUX MApPaMETPOB U

e npyrue K03 UIMEHTHI, UMEIOINE OTHOUICHHE K MOIEIHUPOBAHUIO METOIOM
MOJIEKYJISIPHOH TUHAMUKH, KOTOpPbIe OyIyT MOHSITHBI CHIELUAIICTAM B 00J1aCTH
TEXHHUKU HACTOSIIEro H300pETeHHs MOCIIe U3YUEHUS] HACTOSLIETO PACKPBITHSI.

[Tocne Ha3HaueHHWst TPU HEOOXOAMMOCTU TPATULHMOHHBIMH METOAAMU MOXKET OBITh
BBINIOJIHEHA ONTHUMU3aLMs NapaMeTPOB B MOJENM CHJIOBOIO NOJI, KAK ONHCAHO B CTaThe
Cygan et al, BKIIOYEHHON B HACTOSIIUH JOKYMEHT IIOCPEICTBOM CCBUIKM. Takas
ONTUMH3ALMA MOXKET OBITh TIPOBEACHA, HANPUMEp, JI TOJNYYeHHs CTPYKTYpPbl C
MUHHUMM3UPOBAHHOM CTPYKTYpPOM, Kak ONUCaHO B cTaree. Mcnonp3oBaHue 3THX
K03((PHULIMEHTOB CHIIOBOTO MOJISt HAa CTaguH 42 MOXET MPUBECTH K U3MEHEHUSIM TOJIOKEHUH
KOOPIMHAT Pa3HbIX COCTABJISIOLIMX MOJAEIH CBEPXbSUEHKH, HapuMep, ObUIO 3aMEYEHO, YTO
maru cinoes d(1), d(2), d(3) HeCKONbKO 3aBUCST OT TEMIIEPATYPBL

[0051] ITocne Ha3HaueHHs KO3 HULHMEHTOB CHIIOBOTO MOJIS Ha craguu 42 cuctema 20
BBIMNOJIHSIET IPOrPaMMHbIE KOMAH/bI JJIs1 BBINOJIHEHUs CTaauu 44 MOIEIMpPOBAaHUS METOIOM

mogiekyssipHoi muHamuku (MJI). Kak Obuto omucaHO BbIIIE, B YPOBHE TEXHUKU WU3BECTHBI



19

MaKeThl NMPOrpaMM JUIsl MOJAEIUpPOBaHUs MeToaoM MJI, KOTOpble MOKHO HCHOJIb30BaTb Ha
craguu 44. IlpuMepoM Takoro MNOAXOASLIEr0 IporpamMmHoro mnakera M/l sBasercs
nporpaMmMHbli naker LAMMPS komnannu «CaHauiickue HallMOHAJIbHbIE TJAOOPAaTOPHM», KaK
OBLIO PACKPBITO BBILIE.

[0052] B cooTBeTCTBMU C BapHaHTaAMH OCYIIECTBJIEHUS] HACTOSLIETO M300pEeTeHUs Ha
craaun 44 momenupoBaHuss MerogoM M/l OLEHMBAaIOT JUHAMHUYECKHE CBOWCTBA
COCTaBJSIIOIINX MOJIEKYJISIPHONH MOJENN CBEPXbAYENKHU, NMOCTPOeHHON Ha crtaauu 40, mo
3HAUEHUSM MapaMeTPOB CUJIOBOTO MOJS U MEePEMEHHBIM MOENHNPOBAaHUS, Ha3HAUYEHHBIM Ha
craguu 42. IlpumMeHUMBIM MOAXOIOM AJisi MOAenupoBaHus MeroaoM MJI Ha craaum 44
SIBJIIETCS OLIEHKA B3aMMOACHCTBHUI OJNIKHEro IEWCTBUST W JajibHero aewcteus (T. €.
NPUMEHHMBIX WU COOTBETCTBYIOLINX VPABHEHHH IBUKEHHS) 1O COCTABJIFOIIAM MOZIENH
HECKOJIbBKUMH 3aXOAaMH B TEUYEHHE BBIOPAHHOTO TMepUOoNa BPEMEHH Ui TIOJTYYEHHUS
KOOPAMHAT IMOJIOKEHHUS, CKOPOCTU U CHJIBI 3TUX COCTABJIAIOIIUX 32 3TOT MEPUOLL.

[00S3] B ongHOM mpumMepe B COOTBETCTBMM C OJHUM BapUAHTOM OCYILECTBIICHHUS
HACTOSIIET0 M300peTeHHsI B3aMMOACHCTBYs OJMKHEro neiicTsus (cuibl Ban-mep-Baanbca)
OLIEHMBAJIM 32 KOPOTKHE MPOMEKYTKH BpeMeHH (Hampumep, 0,5 ¢c), rae k cunam OmmkHero
neiicTBUsA TPUMEHsIN IpaHuuHyo AnuHy (Hampumep, 10,0 A), 3a mpenenamu koTOpoi 3T
B3aUMOJEWUCTBUS B MOJENUPOBAHMM HE YUUTHIBAIUCh. B 3THUX MonenupoBaHUIX
UCTOJIBb30BAIM NEPUOANYECKUE TPaHUYHBbIE YCJIOBUS M OLEHHUBAJIM D3JEKTPOCTATUYECKHE
B3aMMOJIEICTBUSl JAJIbHErO0 MAEWCTBUS 3a Ooyiee MPONOJDKUTENbHbIE MNEPHOABI BPEMEHH
(manpumep, 1,0 ¢bc), UCHONB3ys ANTOPUTM MOAENIHMPOBAHMS YACTHLIA—YACTHIA YaCTHUIIA—
stuetika (PPPM), onucaHHbI B JOKyMeHTe 1oz 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
HACTOSIINI JOKYMEHT IOCPEACTBOM CChUIKU. B COOTBETCTBUM C 3TUM NPUMEPOM CHUCTEMBI
MOJ€IM TEPMHUYECKH YpPABHOBELIMBAJIM C IIOMOIIBIO HA4daJdbHOIO MOJEIUPOBAHUS C
uHTepBAJIOM S0 TC B MHUKPOKAaHOHMYECKOM aHcamOne (T.e. KOJH4YecTBo, O0beM W
NOTEHIHUAJIBHYIO HHEPrHI0 YaCTHI) MOCPENCTBOM HOPMAJIM3ALMU CKOPOCTH 1O TpeOyemoil
TEMIIEPaTypbl, IOCJIE Yero IMPOBOAMIIU JOIMOJHUTENbHOE MOAENHUPOBAHHE C HHTEPBAIOM
50 nmc B KaHOHUYECKOM aHcamOuie (T. €. KOJHMYeCTBO, 00BEM M TeMIIepPaTyphbl IO TEPMOCTATY
Hoze-I'yBepa  wactum). Ilocme  STUX  HAa4YabHBIX  MOJAETUPOBAHUN  BBIMOJHSIN
NPOM3BOJCTBEHHOE MOJEIMPOBAaHUE 3a Oojee MIUTENbHBIH Nepuoj BpeMeHH (Hampumep,
2500 mc) B M300apHUECKU-U30TEPMUUECKOM aHcambie (T. €. KOJIM4YecTBO, O0BeM U

TEMIepaTypbl 4YacTUL, rAe pAaBieHue 1o Oapocraty Hose-I'ysepa paBHo Hymo). B
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COOTBETCTBHHM C 3THM MOJEJIMPOBAHHEM OOBEM CBEPXBAYEHKH MEHSJIH TOJNBKO B
HarpasJIeHU! z (T. €. NePIEeHIUKYISPHO CJIOSAM IJIMHBI Ha (ur. 4e—4g).

[0054] 3arem pe3yabTaThl cTaAnu 44 MOIETMPOBAHUS UCIIONB3YIOT HA cTaauu 46, rue
cucrema 20 Bbraucisaer Kodpduunents camonndpysun D BeIOpaHHBIX MOJIEKYJ U aTOMOB. B
OCHOBe cTaguu 46 3TOr0 BapUaHTA OCYLIECTBJICHUS HACTOSILIEr0 H300PETEHHs JIeXKUT
ABIDKEHHE BBIOPAHHBIX aTOMOB M MOJIEKYJl 3a BbIOPAHHBIH IEPHUOJ BPEMEHH B TEUYECHHUE
MoJeIupoBaHus. Bo Bpems MoOAenMpoBaHHUS CMEKTUTOBOW TIJIMHBI, OIHCAaHHOM BBILIE,
koo¢puumentsr nudpdy3un D nporuBomonoB natpus (Nat+) wim kameums (Cat2), B
3aBUCHUMOCTH OT TOTO, KakMe W3 HUX MPUCYTCTBYIOT, U MOJIEKYJbl BOJbI BO BCTaBJIEHHBIX
BOJIOHOCHBIX CJIOAX 67 OCHOBBIBAIOTCSI HA KOOPAMHATAX IMOJIOKEHUS aTOMOB U MOJIEKYJ 32
HECKOJIBKO TEPHOAOB OLICHKH B TEUEHHE BBIOPAHHOTO WHTEpBaJa BPEMEHH Ha ctanuu 44
Monenuposanust merogoM MJI. B kadecTse npumMepa NpoOU3BOACTBEHHOIO MOAEIUPOBAHUS C
uHTepBaIoM 2500 mC B M300apUYECKH-U30TEPMHUYECKOM aHcamOJjie, OMNMCAHHOM BBIIIIE,
BBINIOJTHEHHE CTaguu 46 MOXXeT ObITb OCHOBAHO HAa KOOPAMHATAX AaTOMOB M MOJIEKYJI,
coxpaHsieMbIXx B mamstu cuctemsl 20 kaxkabie 2,0 ¢ 3a nmocnennue 2000 nc u3 Bcex 2500 e
IpoLecca MOAECITUPOBAHUS.

[00S5] Ha ocHOBaHMM 3THUX COXPaHEHHBIX KOOPAUHAT MOJIOKEHUs PACCMATPUBAEMBbIX
MOHOB U MOJIEKYJ Ha CTaauu 46 U3 CpeHEKBaIAPATUUHOIO CMELEHUS ’TUX UOHOB U MOJIEKYJI
BOJIbI B TUNIOCKOCTH X—Y, MapajulebHON 0a3abHON MOBEPXHOCTH, BBIYUCIAIOT KO3(DPHULIUEHTBI
camonuddysuu D:

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

rne ckoOku () 0003HA4aKOT cpemHee MO aHCAMOJIO 3HAYEHHE CMELIEHUS B
HaNpaBJIeHUH X U Y HOHA UJIH MOJIEKYJIbl B KOHKPETHBII MOMEHT BpeMeHHu /. B 3ToM npumepe
CMELICHNE B HAINPABJICHUH Z YCTAHABIUBAIOT PABHBIM HYIIIO, IOCKONBKY auddysueit B 3Tom
HaINpaBJIEHUH MOXXHO TIpeHeOpeub (m. e. Ha cragun 44 MONEIMPOBAHHUS B HATIPABJICHUH Z
MPOHUCXOIUT TOJIBKO CIyYaifHOE IBHXKEHHUE BCIECACTBHE KHHETHUECKOH sHeprun). CpenHee mo
aHCaMOJIF0 3HAYEeHHE CMEILICHUS 3a MepPUOJ BPEMEHH BBIUHUCIAIOT JUIA KOKAOTO W3
BBIOPAHHBIX MPOTHUBOMOHOB U MOJIEKYJ BOIBI B BOJOHOCHBIX CIIOSIX 67 B MEKCIOHHOM
MPOCTPAHCTBE 63 MOAEIUPYEMOHN CTPYKTYpPBL, HAapUMeEp, TOJBKO 33 MOAMHTEPBAJ BPEMEHH,
32 KOTOpBIA OBUIO BBIMOJHEHO MOJENUPOBaHHE. B ONMMCaHHOM BbIIIE MpPUMEpPE CMEIEHHE
HMOHOB U MOJIEKYJI OLICHUBAJM 3a NMOAUHTEpBal B Toukax oT 200 nc no 800 nc u3 uHTEpBana,
paBoro 2000 mc, KOOPAMHATBI KOTOPBIX OBLIM COXPAHEHbI, sl NPENOTBPALICHUS
BO3HUKHOBEHUs 3((EeKTOB HEJIMHEHHOro JABIKEHUs OJKHEero  neWctsus  (m. e,

BpamaTeIbHOro). Ha oCHOBaHMM 3THX Pe3yJNbTaTOB MOKHO IPOBECTU PETPECCHOHHBIN aHAJIN3
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(nanpumep, METOIOM HaMMEHBIINX KBAJPATOB) C IIEJIbI0 BOCCTAHOBJICHUS HAKJIOHA rpaduka
3aBHCHMOCTH CMELIEHUS OT BPEMEHH MOJEIMPOBAHUS M, CIIEAOBATENbHO, Kod(pduumenra
camoauddysuu D st KaxI0ro BUaa.

[0056] AnprepHatuBHO KO3pPuuMeHTb! nubPy3UN U1 BUAOB PACCMATPUBAEMBIX
MOHOB M MOJIEKYJI B MOJIEJIUPOBAHUU C OOBEMHBIMH JKHIKOCTSIMHU WM C OTHOM YKHIKOCTBIO
MOKHO BBIUHCIUTh Ha craguu 46, Hampumep, MOCPEICTBOM TNPSIMOTO BBIYHUCIEHHS

ko3¢ puumenta nupdysun D U3 TpeXMepHON TPAEKTOPUH HOHOB U MOJIEKYJT:

t—o00

1 d
D= lim EZWL-(::) —13(to)]?)

rne ckobkamu ( ) 0003HAYEHO cpemHee MO aHCAMOJIO 3HAYEHHE CMEIEHUS MOHOB
WIN MOJIEKYJ 32 WHTEpBAI BPEMEHHM OT HA4YaJIbHOTO MOMEHTa BPEMEHU fp IO MOMEHTa
Bpemenn . Takum o00pa3oMm, 5TO BBIpAKEHHE TPEIHA3HAYCHO JJIsI BBIYUCIIEHHS
koo umenta auddy3un Ha OCHOBAHUM CPEIHEKBAIPATHYHOTO CMEIICHHS HOHOB W
MOJIEKYJI, OTIPENIEICHHOTO Ha CTaAnH 44 TOCPEACTBOM MOAEIHPOBaHus MeTornoM M/L.

[0057] B cooTBeTcTBMM € BapHaHTAMHU OCYLIECTBIEHHMsS HACTOSINErO H300peTeHus
nocyie omnpexnenenus Ha cranuu 46 koapduumnentoB camomuddysum [ paccMaTpUBAEMBIX
BUJIOB Ha craauu 48, Hampumep, € IOMOIIBID CUCTEMbl 20 BBIYUCIAKT HOHHYIO
NPOBOAMMOCTh BHUIOB B CMOJAEIHPOBAHHON CHUCTEME TJIMHBI, HCHOJB3Ys COOTHOILIEHUE
Hepncra-Oiinmreitna. Onucanue cooTHoweHuss HepHcra-DHHmITEHHA MOXXHO HalTH B
JIOKyMeHTe mon aBTopcTBoM Bockris et al., Modern Electrochemistry 1: Ionics, 2™ ed.
(Plenum Press, New York, 1998), pp. 456—458, BKIIFOYEHHOM B HACTOSIIMH JOKYMEHT
IIOCPE/ICTBOM CCBUIKH. bojiee KOHKPETHO, B COOTBETCTBHMHM C BAPHAHTAMU OCYILIECTBIICHUS
HACTOSILIEr0 M300pPEeTeHUs] MOHHAS MPOBOAMMOCTb BUIOB NMPOTHBOMOHOB C TIOKa3aTejeM i
(xacarenbHO onHoro u3 Na™ wiu Ca>*| BKIOUEHHBIX B MOJIEb COrIaCHO OMHMCAHHOMY BhIIIE
NPUMEPY ), 3aKIIFOYEHHBIX B BOTOHOCHBIE CJION 07, MOXKET OBITh BBIYUCIIEHA HA OCHOBAaHUH HX

ko3 pumentos camonuddysuu D; cnenyromum odpazom:

ZiZCinDi
0 = ———
l RT
i€ ZzZ;— HWOHHAasA BaAJICHTHOCTDH HpOTI/IBOI/IOHa i, C; — HWOHHasA KOHL[CHTpaL[I/Iﬂ

NPOTUBOMOHA 7, /' — mocTtosiHHas Papanes, R — yHUBepcaibHas ra3oBasl IOCTOsiHHAsA, U 1 —
TeMIeparypa. AHAJOIHIHO MOYKHO BBIYHCIUTH MOJIIPHYIO HOHHYIO IPOBOAMMOCTS A;:
1 (¢]] Ziz FzDi
l Ci RT

[0058] B cooTBeTcTBMM € BapHaHTAMHU OCYLIECTBJIEHMs HACTOSINErO H300peTeHus
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HMOHHYIO MPOBOJUMOCTb B CMOIEIUPOBAHHONW CHCTEME TJIMHUCTBIX MUHEPAJIOB MOXKHO
BBIYMCINTh HA OCHOBAHUHM MOJIEKYJISIPHOH MOIENM 3TOH CHUCTEMBI IJIMHBL JTOT MPOLECC
MOZIENTUPOBAHUS MOXKHO 0€3 TpyAa MOBTOPUTH Ui APYrOro BHAA MPOTHBOMOHOB, W3MEHHB
YPOBHU T'HApATALMU (/1. €. UCIIONB30BaTh Pa3HblE KOJMYECTBA BOAOHOCHBIX CIIOEB 67 MEXIY
closiMu 05 TIMHBI), I3MEHHUB (pU3HYecKkue CBOWCTBA (Hampumep, TEMIEPATypy, NABJICHHE U
TI.) U M3MEPUB IUIOTHOCTh 3apsga W T. 1. IlpoBens aHamu3 pe3ysbTaTOB IOJNTYyYEHHBIX
aHcaMOJiel, MOXKHO TIOHSITh MEXaHM3Mbl YAEIbHOW IMPOBOIUMOCTH, a TaKXe IOBBICUTh
3P EKTUBHOCTh SKCIIEPUMEHTAIBHOTO MOATBEPKACHUST PE3yJIbTATOB MOAearpoBanus. boree
TOTO, BO3MOXKHOCTb 3TOTO HMHCTPYMEHTa MOJEJUPOBAHHMS  OLEHHBATH  YJEIbHYIO
NPOBOAMMOCTh JJIsI IONUPOKOTO psifa YCJIOBHHA TO3BOJIIET TOJYYHTh SMIHPUYECKUE
OTHOIIEHHS, HEOOXOMMBIE [T TOHUMAaHUSI ETPOPH3MUECKUX CBOMCTB MOA3EMHBIX ILIACTOB.

Oyenka niacmoso2o Kod¢hguyuenma cucmemuvl 2IUHUCMBIX MUHEPATO8

[0059] Kak Obuto yka3aHO BbIlIe, METPOPUIMUECKOE CBOIMCTBO, MPEACTABJISIONISE
0cOOBIi MHTEPEC MPU MPOBEACHNUN aHAIN3A JUArpaMM KapoTaxa 10 METOAY CONPOTHUBICHUS,
OOBIYHO TMOJIy4aeMbIX BO BpeMsi pa3paboTKu He(Tera3oBbIX KOJUIEKTOPOB U JNOOBIYHM U3 HHX,
Ha3bIBAETCS «IUIACTOBBIM  Ko3pduumentom». B  obmem, mnnacToBeiii KO3 PHUIHEHT
NpenCTaBysieT cOO0M OTHOLIEHHE YIEJIbHOIO COMPOTHUBJICHHUS IUIACTA MOPOABI K YAEIBHOMY
CONPOTUBJIEHUIO CAMOM JKUIKOCTH.

[0060] Ha ¢ur. 5 mnoka3aHa OJok-cxemMa TMpoLecca OLEHKH IUIaCTOBOTO
KO3 puIMeHTa KOHKPETHOH CHUCTEMBbI TNIMHUCTBIX MuHepanoB. Kak mokasano Ha ¢wur. 5,
MOHHYIO TPOBOAUMOCTb 3TOW CHCTE€MBbI INIMHUCTBIX MUHEPAJIOB ONpenessitoT Ha ctaauu 100 ¢
HOMOIIBIO CHCTEMBI 20 B COOTBETCTBHH C MPOLIECCOM, OIMCAHHBIM BBILIE CO CCHUIKOM Ha (M.
2. OpmHako ansi TOrO 4YTOOBI TMOJYYHTh TUIACTOBBIA KOX(QPHUIMEHT, TakkKe HYXKHO 3HATb
OOBEMHYIO0 YIEJNbHYIO MPOBOAUMOCTb JKHUAKOCTH. B COOTBETCTBHM C 3THM BapUaHTOM
OCYILIECTBIICHHUSI HACTOSLIETO H300peTeHNsI OOBEMHYIO YIEIbHYIO IPOBOJUMOCTD BBIYHCIISFOT
TaK ’ke, KaK 1 HOHHYIO MPOBOAMMOCTb CUCTEMBI TJIMHBI, HAYMHAs cO cragun 70.

[0061] Ha cramuu 70 CTposST MOJEKYJSAPHYIO MOAeNbs o0beMHOro (T.e. ¢
HEUTpaJbHBIM 3apsiioM) pacTBopa TpeOyemoin kuakoctu. Hampumep, craguro 100,
OINMCAHHYIO BBILIE, BHIMOJHAOT JUIsI MOAENH, B KOTopor kKaTnoHbl Na+ nnu Ca2+ HaxopsaTcs
BO BBEICHHBIX BOJOHOCHBIX CJIOsIX 67 Hapsany ¢ aHnoHamu Cl- U COXpaHsSIOT HEHTPAIBbHOCTD
3apsiioB. B 3TOM mpumepe MonekyJssipHas Monenb OOBEMHOrO pacTBOpa COAEPIKHT
4096 monekyn Boxbl, 4deTbipe kaTtuoHa Hatpust (Nat) mmm kaneius (Ca2+) u derbipe win
BoceMb aHHOHOB Cl- (B 3aBUCHMOCTH OT OOCTOATENLCTB), B Kybe mpubmmsutensHo 50 A Ha

KaXI0H cTopoHe. MoJisipHasi KOHIEHTPALUSI KATHOHOB B 3TOM CMOZEJIMPOBAHHOM 00bEMHOM
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pactBope coctasisieT mpuoausuTeabHo 0,05.

[0062] AnsrepHaTUBHO eciu COOTBETCTBYIOIIUI 00BEMHBIH pacTtBop,
CMOJEIUPOBAHHBIN Ha craguu 70, HE COAEPKUT aHUOHBI U, CIEAOBATEIbHO, UMEET YUCTBIN
HOJIOJKUTEJIBHBIA 3apsifl, Ul COXPAaHEHHs HEWTPAJIbHOCTH 3apsaa B MOIENb MOXET ObITh
BBEJIEH 3aPsIIOBO-KOMITEHCHPYIOIIUiT (HOH.

[0063] 3atem ¢ MOJEKyISIpHOW MOIEIbI0 OOBEMHOIrO pPacTBOpA, MOCTPOCHHOW Ha
cranuu 70, BBITIOJHSOT CTaquu 72—76 Tak >ke, Kak u cranuu 42—46, onucaHHbIE BbIIIE, IJIs
CHUCTEMBbI INIMHUCTBIX MUHEpasoB. [ OBOpsi KpaTKo, mapamMeTphl CHUJIOBOTO IOJIs, HA3HAUEHHBIE
MOJIEKyJJaM M KaTHOHaM B MOJAEIH OOBEMHOr0 pacTBOpa Ha CTaAWH 72, YTOUHSIOT TaKue
napaMeTpbl, Kak pacliojiokKeHHe aTOMOB B Ipefenax KOOPAMHATHOM CHUCTeMbl U SHEprus
MOJIEKYJ] M aTOMOB, M MapaMeTpbl MOJEIMPOBAHUS BKIJIIOUAIOT TPAaHUYHBbIE YCJIOBUS IS
JaBJIEHHs, TEMIEPATypbl U 0ObeMa, TEPMOANHAMHUYECKUI aHCaMONb mapaMeTrpos u T. . Ha
craguu 74 cucrema 20 BBINOJHAET IJs 3TOM MOJEKYJSPHOU MOAEIN MOJEIUPOBAHUE
METOZIOM MOJIEKYJIIpHO# nuHamuku (M/]) Ha OCHOBE YyTOUHEHHBIX KO3(p(PHULIMEHTOB CHIIOBOTO
NOJIsl JUJIsl ONpeAeNieHUs] IOJNIOKEHUH MOJIeKYJ BOABl U KAaTHOHOB 3a MEPHOJA BpPEMEHHU
MOJIEJIMPOBAaHMs], HANIPUMEP, COXPaHssl MOJIOKEHHUE KaXI0H MOJEKYJbl U KaKAOro KaTHOHA
Ha BBIOOPOYHOM 4acTOTe 2 TIC 3a MHTEPBAJ MOJAEIUPOBAHUS, paBHBINA 10 HC, MPH MOCTOSTHHOM
JABJICHUU U TIOCTOSHHOW TeMmepatype Moaenuposanus. Ha cramum 76 BBMUCIAIOT
k03¢ puuments! camonudPy3un KaTHOHOB U MOJIEKYJI BOJBI B CMOJENUPOBAHHOM O0BEMHOM
pacTBOpe Ha OCHOBaHUM COXPAaHEHHBIX Ha cTaauu 74 MopenupoBaHusi Mmerogom MJI
HoJIOKeHUH 3a BbIOpaHHOe Bpems. Ha cramum 76 xosdduumentsr camonuddysun moryt
ObITb BBIYMCIIEHBI TaK >K€, KaKk M Ha craguu 46, ONMCAHHOHW BBIIE, HA OCHOBAHUU
CPEeIHEKBaPaTUYHOIO CMEINEeHHsT B IUIOCKOCTH X—y WJIM HAa OCHOBAaHUU CPEIHEro II0
aHCaMOJTFO 3HAYEHUS TPACKTOPHH HOHOB B TPEX HAIPABIICHHSIX.

[0064] IIpumeps! 3HayeHuii kodpduumenta nudQy3un, BIYUCICHHBIX Ui MOIENN
MOJIEKYJIIPHOTO OOBEMHOTO pPACTBOPA B COOTBETCTBHM C IMOAXONOM Ha cramusix 70-76,
COOTBETCTBYIOT TIOJYYEHHBIM pe3yibTaTaMm i Koddpduumento mud¢ysun pacTBOpoB
HATPYsSI U KaJbLUs P OECKOHEYHOM pa30aBIIEHUH.

[0065] Ha craguu 78 kosddunment camonuddy3nn kaTMoHa B MOAENNA OOBEMHOIO
pacTBOopa MNpH TeMIepaType, KOTopas Ha CTaguu 72 HCHONb30BajJach KaK TIPAHUYHOE
3HauU€HUe, UCTIONB3YIOT B cooTHoleHun HepHcra-OiHINTENHA 17151 OnpeAeneHus yAeabHON
NPOBOAMMOCTH pAacTBOpa, Kak OBLIO OMHCAHO BbIME. JTa YAENbHAas NPOBOAUMOCTD,
BBIYMCIICHHAsI Ha CTaguu 78, siBisieTcsi OOBEMHOH, W HAa €€ OCHOBAHWU MOXKHO BBITIOJIHUTH

OLICHKY 00bEMHOI1 y)lG.]'[bHOﬁ npoBOAUMOCTHU KUAKOCTHU B CUCTEME TIMHUCTBIX MHUHEPAJOB,
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u3 kKortopoll Ha craaumu 80 TPAgUIMOHHBIM CHOCOOOM MOXKHO ONPENENUTh IJIACTOBBIM

k03¢ duument F crucTemMbl IITMHUCTBIX MUHEPAJIOB, onpeaeseHHol Ha ctagun 100:

Op
F=—
O;

r7e 0; — WOHHAs NPOBOAUMOCTb NPOTUBOMOHA B CMOJEIUPOBAHHON CUCTEME IJIMHBI,
ompeneneHHast Ha craguu 100, u 0, — oObeMHasi yaenbHash MPOBOIUMOCTb OOBEMHOTO
pacTBopa, BbIYHCIEHHass Ha ctamuu 78. Kak M3BeCTHO M3 ypOBHS TEXHUKH, U Kak ObLIO
OMUCAHO BBIIIE, MIACTOBBIA KO3 dunueHt F mnpencrapisier coboit 3pdexkTuBHYIO Mepy
MOPUCTOCTHU CTPYKTYPHI IIJIACTa, HA OCHOBAHUU KOTOPOH MOKHO OIPENENIUTh APYTHUe BaXKHbIE
neTpoU3NYECKHe CBOMCTBA, TAKHE KaK MPOHULIAEMOCTb.

[0066] CrnenoBaTenpbHO, 3TOT BAapUAHT OCYIIECTBJIEHHUS HACTOSIIErO H300peTeHUs
JaeT BO3MOJKHOCTb OLICHWTh 3HAYEHHE IUIACTOBOTO KO3(pHLIMEHTa CHCTEMBI TIIMHUCTBIX
MHHEPAJIOB MOCPENCTBOM COCTABJICHUSI MOAEIN U MOAEIUPOBAHUS aKTyaJIbHBIX MEXAHU3MOB
Ha MOJIEKYJISIDHOM ypoBHe. TakOl aHajau3 Ha MOJEKYJSIPHOM ypPOBHE HA€T BO3MOXHOCTH
IIPOBECTH TOYHBIA AQHAJIW3 HAHOPA3MEPHBIX KOMIIOHEHTOB IIIACTA, MPEBOCXOAALIHM
BO3MOKHOCTH TPAJIULIMOHHBIX IMOAXOMIOB, TAKUX Kak opmysia Apdu u T. II.

lIpamoe uucnennoe Mooeauposanue niacmos, COOePHCAUUX 2AUHUCTNBIT KOMIOHEHM

[0067] BO3MOXHOCTH ~ COIVIACHO  BapuaHTaM  OCYILECTBJEHUs  HACTOSLIETO
n300peTeHNss TOYHO OLEHHUTH YAENbHYI0 MPOBOJUMOCTb IIMHUCTBIX MHHEPAJIOB, Kak ObLIO
OMMCAHO BBIIIE, MOXET IPUTOAUTHCA B LEJIOM psAAE pPa3IMYHbIX METOAOB aHajIu3a
neTpo3MYECKUX CBOWCTB, B YACTHOCTH, YYMTBIBASl HbIHELIHEE 3HAYEHHE IUIACTOB MOPOMBI,
CozlepKalMUX YIJIEBOAOPOIbI, B KOTOPBIX MPUCYTCTBYKOT INIMHOHOCHBIE Necku. bonee Toro,
TaKXKe TMPENrNoJiaraeTcsi, 4YTo MOHMMaHWue (PU3MUECKUX MEXaHU3MOB, NEHCTBYIOIIMUX Ha
MOJIEKYJISIDHOM YPOBHE, B TAKUX HAHOPA3MEPHBIX MaTepHajax OyaeT 0OCOOEHHO MOJIE3HO AJIs
NPOEKTHPOBAHUS U aHAJM3a TEXHOJIOTUH 10ObIMU. MeTObl OLEHKU YIENbHOMN MPOBOIUMOCTH
B COOTBETCTBUH C BAPUAHTAMH OCYINECTBJICHHUS] HACTOSIIETO M300PETEHHSI TAK)KE MMO3BOJISIOT
YCOBEPILIEHCTBOBATh IPYTrHe aHATUTUYECKUE HHCTPYMEHTBI U METOAUKH.

[0068] OgHUM U3 TaKUX AHATUTUYECKUX MHCTPYMEHTOB M METOAMK, KOTOPBIE MOYKHO
YCOBEPILIEHCTBOBATh 3a CUET TOYHOM OLEHKU YAENBbHONW MPOBOAUMOCTH CHCTEM TNIMHHUCTBIX
MHUHEPAJIOB, SBJIIETCS NPSIMOE YHUCICHHOE MOAEIUPOBAHUE, B YACTHOCTH, NPUMEHSIEMOe IS
MOA3EMHBIX TUIACTOB, COAEPIKAIINX Kak (pa3y MOpObl, HAIPUMEpP KBapl, KaK B IECYAHUKE,
Tak W a3y TIUHHCTOrO MHHEpasa. B ypoBHE TEXHHUKHM H3BECTHO, 4YTO TJIMHUCTHIC
KOMITOHEHTHI B IUIACTaX TAKOrO THIA, KaK IPaBHIIO, O0Opa30oBaHbl PSAOAOM MapajuIeNbHBIX

IUIACTUHOK, HAmNpuMep, TJIUHUCTBIH MHHepasl KaOJWHUT HMMeeT, Kak mpaBuwio, (opmy
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«KHIKKAY» MEKAY TBEPIBIX 3€pEH KBapla U MOPOBBIM MpocTpaHcTBoM. Kak Obuio onucano B
pasnene «lIpenmochbuUlkM K CO3JAQHHIO HACTOALIEr0 H300pPETEHUs», TPAAULMOHHBIE
ArarpaMMbl KapoTaka 10 METOJY CONPOTUBIIEHHs, UHTEpIpeTupyemMbie 1o dopmyie Apuu,
OCHOBaHbl Ha TOM, UYTO TBEpAble 3€pHA XapaKTEPU3YIOTCSl HYJIEBOH  yAEIbHOU
NPOBOAUMOCTBI), & JKUAKOCTb B TIOPOBOM MPOCTPAHCTBE XapaKTEPU3YeTCsl BBICOKOU
yAEIbHON MPOBOAMMOCTBIO. B mumacrax, Ijsi KOTOPBIX 3TO MPEAINOJIOXKEHHE CIPaBeIJINBO,
U3MEPEHHOE yIEeNbHOE CONMpOoTHBIeHHE OyaeT 3(h(PeKTHBHO ONMUCHIBATH MOPUCTOCTD ILIACTA.
OnHako B ypOBHE TEXHHMKH H3BECTHO, YTO IJIMHUCTBIE KOMIIOHEHTHI B IUIACTE TAKXKe OyAyT
XapaKTepU30BaTbCsl YIEIbHONW IPOBOAMMOCTBIO, HO B MEHbLIEH CTENeHH, 4YeM MOopoBas
KUIKOCTb, HO 3HAYUTEBHO B OOJNbIIEH CTENeHH, 4YeM 3epHa TBEPHOro KBapua.
TpaauuMOHHBIN aHaNWU3 YAENbHOIO CONPOTHUBJIEHUs IUIACTa, COJEPIKALLEro TINIMHUCTBIE
KOMIIOHEHTBI, MPEJOCTaBIseT HEOAHO3HAUYHbIE pe3yJbTaThl, MOCKOJBbKY B 3TOM Clydae
yIIeJIBHOE COMPOTHBIIEHHE OyIEeT 3aBHCETh HE TOJBKO OT MOPUCTOCTH, CO3/1aBAEMON MOPOBOH
JKUJKOCTBIO, HO M OT KOJMYECTBa MPUCYTCTBYIOIIMX TIJIMHUCTBIX KOMIIOHEHTOB M HX
YAEJIbHON NMPOBOAUMOCTH.

[0069] B cooTBercTBUM C OOHUM BapuUaHTOM OCYILECTBJEHUS HACTOSLLETO
M300pEeTEeHNsT TOYHYK) OLIEHKY YIEJIbHOH INPOBOAUMOCTH TJIMHUCTBIX KOMIIOHEHTOB B
COCTaBHOM IIACT€ MOJKHO MHCIIONB30BAaTh IPU OMNpPEAENSeHUH 3JEKTPUUECKOro OTKJIMKA
METOZIOM TPSIMOTO YHCIEHHOTO MOAETUPOBAHUS O0OBEMHOI0 M300pa’keHHsi TOPHON MOPOBI.
Ha ¢ur. 7 nokazan oOmuii mpouecc OLEHKH CBOMCTB MaTepuajia ¢ MOMOINBI LU(PPOBOrO
YHCJIIOBOTO MOJENHUPOBAHMA B COOTBETCTBUU C BAapUAHTAMM OCYLIECTBJICHMs HACTOSLIETO
U300peTeHYSI.

[0070] Ouenka Haumnaercss co cramuu 200 TOATOTOBKH 00pasiia, Ha KOTOPOH
NOJIY4AKOT MPpoOy U3yuaeMoro riacta u odpaser npoObl ToToBAT A aHanusa. [Ipoly miacra
MOYKHO TIOJIYYUTh JIFOOBIM U3 TPAOHLUOHHBIX ciocoO0B. B HedTerazoBoli mpoOMBIIIIEHHOCTH
npoOy, KaK MPaBUJIO, MOJYYAOT BO BpeMsi OypEeHHUs pa3BeIOYHBIX U JOOBIBAIOIINX CKBAJKUH, &
TaKXX€ OHM MOTYT OBITh IMOJyY€HBbl M3 LEJBbHOTO KEPHA, KEPHOB, OTOMPAEMBIX H3 CTEHOK
CTBOJIA CKBaKHHBI, OOHAKEHHBIX IMOPOA U OOJOMKOB BBIOYPEHHOH MOPOIBI, aJIbTEPHATHBHO
npoObl MOTYT OBITH MOJY4YeHbI B J1AOOPATOPHM W3 CHHTE3MPOBAHHBIX OOPa3OB TOPHOH
NOPOABI, TAKUX KaK MecyaHble MPOOKM M IIEeMEHTUpPOBaHHblE NMpoOku. B coorBercTBHU C
BapUAHTAMHU OCYIIECTBJICHUS] HACTOSIIEr0 N300pETEHHsI IIOPOAA, U3 KOTOPOH B3dATa mpoda, He
BCEI1a MOXET OBITb BBICOKO KOHCOJMAMPOBAHHOW, TIOCKONBKY OyAeT coxmepkaTh
KOMOMHALMIO TIOPObI (HAIIpUMeEp, NMeCYaHUK) BMECTE C TJIMHON M APYTUMH 3€PHUCTBIMH HITH

ocamoyHbIMU MaTepuaiamu. Takum obpaszom craanio 200 MOATOTOBKH CJIEAYET BBIMOIHSTH
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TaKUM 00pa3oM, YTOOBI CYIIECTBEHHO HE MOBIMATH HA CTPYKTYPY IUIACTA, U3 KOTOPOro Oyzaer
OpaTbcst oOpazer.

[0071] Ha cramuu 202 cuctema 28 ¢gopmupoBanus uzodbpaxenuii (¢ur. 1) monydaer
nByxMmepHble (2D) wunu TtpexmepHele (3D) wus3oOpaxeHus wuiaM Apyrue IMOAXOJAIINE
npeacTaBjIeHus] n300pakeHuil oOpasia ropHON MOPO.bI, MOATOTOBIEHHOro Ha craauu 200,
Otu u300pakeHHus W MPENCTAaBJICHHs, MOJyueHHble Ha craguu 202, comepikaT AeTalbHYIO
UHPOpPMALIMI0 O BHYTpPEHHEH CcTpykType oOpas3uoB. Ilpumepom yctpoiicTBa 00paboTKu
300pKEHUH, HMCIOB3yeMOoro Ha cramuu 202, sIBJISAETCS PEHTTCHOBCKUH KOMITBEOTEPHBIN
tomorpad (KT), Tun, KOHCTpyKUHMS U Apyrue aTpudyThl KOTOPOrO COOTBETCTBYIOT JIFOOOMY
PEHTI'€HOBCKOMY YCTPOMCTBY, C IOMOINBID KOTOPOTO MOXKHO TOJNYYUTh H300pakeHHe
BHYTPEHHEH CTPYKTyphl oOpasia ¢ TpedyeMoil paspemaromieil crmocoOHOCThr0. Hampumep,
MOXET OBITh IOJIYy4YEHO MHOJKECTBO ABYXMepHBbIX (2D) Tomorpadudeckuii m3o0OpakeHUH
o0pasua, KOTopble OyAyT OTIPABIEHBI B KOMITBIOTEPHYIO crcTeMy 20, KOTOpasi 3aTéM CTPOUT
TpexmepHoe (3D) obwvemHOe mudppoBOoe H300pakeHHE COOTBETCTBYMOIIEro odpasma. Kak
ObLIO omucaHo BbIe, cucTemMa 20 MOKeT OBITh BBITOJIHEHA JIFOOBIM CIIOCOOOM, HampHUMep,
KaK HACTOJIbHBI KOMITBIOTEp WJIM padouasi CTaHLUs, HOYTOVK, CEPBEPHBIH KOMIIBIOTED,
IUIAHIIETHBI KOMITBIOTEP WJIM T. . C JOCTATOYHOH BBIYUCIUTEIBHOM MOIIMHOCTBIO JJIst
BBITIOTHEHUSI TpeOyeMol omeparuu.

[0072] KoHkpeTHbIe TpaAUILIMOHHBIE METObI MOJy4YeHus: U 00padboTku 3D 00BeMHBIX
dpoBeix HM300paskeHuit obpasua Ha craguu 202 TpeAyCMATPUBAIOT, KPOME MPOUEro,
PEHTTEHOBCKYK0  TOMOTPaHiO, PEHTIEHOBCKYID MHKPOTOMOTpadHi0, PEHTI€HOBCKYIO
HAHOTOMOTPa(UIO, CKAHUPYIOIIYIO JJIEKTPOHHYIHO  MHKPOCKOMHIO  C(HOKYCUPOBAHHBIM
WOHHBIM MYy4KOM, SII€PHBIN MATHUTHBINA PE30HAHC WJIH HEHTPOHHYIO TOMOTpaduUIO.

[0073] OOGbemHOE wu3OOpaskeHWe, TOJNyuyeHHOe Ha craauu 202, Kak MPaBUIIO,
o0pasyercsi TpeXMEPHBIMH PETYJIIPHBIMH 3JIEMEHTAMH, Ha3bIBAEMBIMU 3JIEMEHTaMHU O0BbeMa
WIH «BOKCEJSIMUY, KaXKIBbIA U3 KOTOPBIX XapaKTEPU3YETCsl CBA3AHHBIM YHCIOBBIM 3HAYCHHUEM
WIN aMIUTUTYIOH, KOTOPOE OMHCHIBAET OTHOCHTENIbHBIE CBOMICTBA MaTepHaia H300pakeHHOTO
oOpa3iia B Todkax mpencraBisieMor cpenbl. Ha cramum 210 BBIMUCIUTENBHOE YCTPOHCTBO
BBITIOJTHSIET CErMEHTALMIO WM JPYIYIO METOAHMKY VIy4IleHHs oObeMHOro unudpoBoro
n300pakeHns o0pasua AJisl BIICTICHUS 1 MAPKUPOBAHUS PA3HBIX KOMIIOHEHTOB B OOBEMHOM
m3oOpaxxennu. Hampumep, Ha ctamuu 210 cermMeHTaunu MOryT ObITh MAEHTU(DUIHPOBAHBI
NOKa3aTeIbHbIE  KOMIIOHEHTBI ~ YIPYrOCTH, BKJIOYas TIOPOBOE  MPOCTPAHCTBO U
MHHEPAJOTHUECKUEe KOMITIOHEHTB! (HalmpuMep, TJMHBI U KBapll), KOTOPbIe MOTYT BIHTH Ha

XapaKkTepUCTUKH 0Opas1a.
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[0074] B cooTBeTCTBHU C 3TUM BapHUAHTOM OCYINECTBICHUS HACTOSIIETO H300peTeHus
3areMm cucrema 20 BemonHser craguio 210 cerMeHTauMu AN UAEHTH(PUKALAN
NoKa3aTebHbIX (ha3 Marepuana obOpasla, MPeNCTaBIEeHHBIX B OOBEMHOM H300pa’KeHMH,
HampuMep, NPEACTABISIIOINX TAKUE COCTABIISIIOIINE MaTepuana, Kak opoBOe MPOCTPAHCTBO,
TJIMHUCTBIE (Ppakiy U OTAENbHbIE 3epHA 1 MUHEPaJibl. KOHKpPETHBIH alropuT™M CerMEeHTALNH,
MPUMEHSIEMbIN B BBIYUCIUTENIBHOM YCTPOWCTBE Ha craauu 210, MOXET 3aBHCETb OT TOrO,
Kakoi TpeOyeTcsi MPOBECTH aHAIU3, U OT CJIOKHOCTH TOpHOM moponel. CamMol mpocToi
(opMoOli CerMeHTauuu SIBJSIETCS] «IMOpPOroBast 0O0pabOTKay, COMJIACHO KOTOPOW BOKCENU C
OMHAKOBBIMH aMIUIUTYJaMH COOUpPAlOT B rpymnmbl. TpamuiMoHHBIH crocod oOpaboTku
M300pKEHUH I YIIydLIeHHsT 0ObeMHOr0 M300paskeHHs], OCIa0NeHHs IyMa U T. 1. MOXKET
ObITh BKJTFOUYEH Ha cTanuu 210.

[0075] B cooTBeTCTBHU C 3TUM BapHUAHTOM OCYINECTBICHUS] HACTOSIIErO H300peTeHNs
Ha craamu 210 cerMeHTauuu HASHTUQULHUPYIOT M BBIACISIOT 10 MeHbINEH Mepe TpHu
nokaszareibHble (Da3bl MaTepuana, a WMEHHO IIOpPOBOE IPOCTPAHCTBO, 3€pHA IMOPOIBI U
rmuHACTBIE MuHepanbl. Ha ¢ur. 6a m 6b mnokasan npumep BbimonHeHHst craguu 210
cermeHraun. Ha ¢ur. 6a mokasaH mnpuMep PEHTTEHOBCKOTO MHKPOTOMOTrpPadUYeCcKOro
M300paKeHNsl MECUYaHUKA, COAEPIKAINEero KOMIIOHEHTHI TJIMHHUCTOIO MHUHepasa, TaKhe Kak
KaOJIMHUT, a TaKXe C TBepAbIMH 3epHaMu kBapua. Ha wmzobpaxenwu cormacHo ¢ur. 6a
MIOPOBOE IPOCTPAHCTBO IOKA3aHO TEMHBIMM OOJIACTSIMH, a 3€pHa KBapla W TJMHUCTBIE
KOMITOHEHTBI ITOKa3aHbl PA3JIMYHBIMU NTPOMEXKYTOYHBIMH OTTEHKAMHU CEPOro (CBETIIO-CEPhIM
nBeroM OOO3Ha4YeHbl 3epHa KBapua). Kak mpaBmiio, MPOCTPAHCTBEHHOE pa3peLIeHHe
PEHTTEHOBCKOTO MHKPOTOMOIrpadUuyuecKoro u3odpaxkeHus, Kak Ha Qur. 6a, coctasisieT oT 1
10 5 MHKpPOH, 4YTO O3HAYaeT, 4TO TEKCTypa, KOHPUTypauus U CTPOEHUE TJIMHUCTHIX
MHHEPAJIOB He BUAHBI B 3TOM Macmrade. bonee Toro, sipkocTh Ha W300PaKEHUU COTJIACHO
¢dur. 6a MeHseTCs B HEKOTOPOH CTENEeHHM HENPEepbIBHO, YTO YCIOXHSIET M 3aTPYAHSET
yucioBoi aHanu3. Ha craguu 210 cermeHTanuu pa3inu4daroT NOPOBOE NPOCTPAHCTBO, TBEP/bIE
3epHa U TJIMHUCTBIE KOMIOHeHThl. Ha ¢ur. 6b mokasaH mpuMep NpUMEHEHHs Pe3yJIbTaTOB
craqun 210 cerMeHTaUMM HAa PEHTTCHOBCKOM MHKPOTOMOrpaduyeckoM H300paKeHUH
cormacHo ¢ur. 6a, rae Tpu (aspl NMPEACTABICHBI CIEAYIOIIUM 00pa30oM: YEPHBIM LBETOM
MOKa3aHO MOPOBOE MPOCTPAHCTBO 90, GeNbIM LBETOM TOKAa3aH KBAapIL WM JPYrOM TBEPAbIH
3epHUCTBIA MaTtepuan 92, a NMPOMEXYTOYHBIM CEPbIM — TJIMHUCTBIE KOMIIOHEHTHI 94. B
1IeJIOM, Kak OBUIO YKa3aHO BbILIe, /Uil cTaguu 210 cerMeHTanuu MCIONb3yeTCsl TPEXMEPHOE
o0beMHOe n300paskeHne, MoyuYeHHOe Ha cTanuu 202,

[0076] B cooTBeTCTBHU C 3TUM BapHUAHTOM OCYIIECTBICHUS] HACTOSIIEr0 H300peTeHus
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OLEHKY YAEIbHOU MPOBOAUMOCTH IJIMHUCTBIX KOMIOHEHTOB 94 BhIMONHAOT Ha ctaguu 100.
Kax Obuto omucaHo BbIIIe, MpeanoiaraeTcs, 4to Ha craguu 100, omucaHHOMN CO CChUIKOU Ha

¢ur. S5, BHMONHIIOT 5(P(PEKTHBHYIO OLEHKY YIENbHOH NPOBOAMMOCTH TIJIMHUCTOTO

>
KoMrnoHeHTa 94 B o0Opaslie, MOATOTOBIEHHOM M H300pakeHHOM Ha cragusx 200 u 202.
OnHako TaKke MpPEnarnoyaraercs, 4YTOo B 3TOM BapUaHTE OCYILIECTBJIEHHS] HACTOSILIETO
M300peTeHnst aJbTEePHATUBHO MOTYT HCIIOJIB30BATHCS APYIHE IMOIXOABI IJISI U3MEPeHHs U
OLICHKU YAEJbHOM NPOBOJUMOCTH B TJIMHUCTOM KOMIIOHEHTE 94; OQHAKO OXHUAAETCS, 4TO
TPAAULMOHHbBIE MOAXOAbl OLEHKU YAEJIbHON MPOBOAMMOCTH CUCTEM INIMHUCTBIX MUHEPAJIOB
MEHee CTPOrue, MO3TOMY OHHU MNPENOCTABISIOT B LIEJIOM MEHEE TOYHBbIE PE3YJbTaThl OLEHKU
yIEIbHON TNPOBOAMMOCTH, 4YeM OBLIO ONHUCAHO BBILE CO CCHUIKOM Ha BapHAHTHI
OCYIIECTBIICHHUSI HACTOSIIIErO H300PETEHMS.

[0077] Ha ocHOBaHMM OLEHKH YyAEJIbHONW MPOBOAWMOCTH, BBIOJHEHHONW Ha CTaguu
100, BpmmosHsAOT cTaguro 215 nnd Ha3Hau€HUs OTHOCUTENBHOIO 3HAYEHHs  YIEJbHOUN
NPOBOAMMOCTH W TJHMHHUCTBIM KOMIIOHEHTaM 94 B CErMEHTHPOBAHHOM OOBEMHOM
mobOpaxkennu. Kak Obulo OmMCaHO BbINE, MPH MPOBENACHUH TPAJULMOHHOTO AaHAJIN3a
yIeJTBHOTO COMPOTUBJIEHUsT KpHCTaulel 92 kBapua (WM Apyroro TBEPAOrO MaTepHala)
XapaKTEePU3YKOTCA HYJEBOH YIEJIbHON MNPOBOAUMOCTBIO, TOTAa KaK >KHIKOCTb B IOPOBOM
npocTpancTBe 90 XapakTepusyeTcst BBICOKOM YAEIbHOM MPOBOAUMOCTBIO; COIVIACHO OLEHKE,
BBINOJTHEHHOW Ha crtaauu 100, rIMHUCTBIE KOMIIOHEHTBI 94, Kak NpaBWIO, SBJSIFOTCS
NPOBOAALIMMY, HO B MEHbILIEH CTENEeHH, Ye€M >KUIKOCTb B NOPOBOM mpoctpaHcTtee 90. B
COOTBETCTBHM C 3THM BAapUAHTOM OCYLIECTBJICHUS HACTOSINEr0 H300peTeHHs 3HA4YeHHE
OTHOCHUTEJIBHON yAEIbHOW MPOBOAUMOCTU W, Ha3HAYEHHOE INIMHUCTBIM KOMIIOHEHTaM 94 Ha
craauu 215, OTpakaeT OLEHEHHYIO YJIEJbHYI0 IPOBOAMMOCTb TJIMHBI B CPaBHEHUH C
yIeJIBHOM MPOBOIUMOCTBIO KUAKOCTH. [lmacToBeiii k03 dunneHt F, BBIYHCIEHHBIH COTIACHO
NPUBEACHHOMY BBIIIE OINKHCAHO, MOXET OBITh OCHOBOW, HampUMep, 3TOrO 3HAYEHUS
OTHOCHUTENIbHOM yJeNpHON mnpoBoauMocTH Ww. 3ateM Ha craguu 210 3T0 3HaudeHHe
OTHOCHUTEJIBHON  YAEJbHONH MPOBOAUMOCTH W HA3HA4YAKOT KaXAOMy U3  BOKCENeH,
NPEACTABISIFOIUX TIMHUCTBIE KOMIIOHEHTHI 94 B CErMEHTHPOBAHHOM OOBEMHOM LH(PPOBOM
n300pakeHnH. be3yCcloBHO, €Cli TJIMHUCTBIE KOMIIOHEHTHl 94 B 00BEMHOM H300paKeHUH
NPEACTABIIIOT OoJiee YeM OAVMH BHA TJIHMHBL, Ha cTaguu 100 oLeHKa yAenbHOW MPOBOIUMOCTH
MOXET TIPOBOAMTHCS OTHENBHO Uil pasHbIXx a3 rmHbBL, a Ha craguu 215 moxer
NPUMEHSATLCA B BUAE PA3HBIX 3HAYEHUN OTHOCUTEJIBHOMN YAEIbHON NPOBOAUMOCTH W.

[0078] Ha craguu 220 BerMucauTenbHas cuctemMa 20 BBINOJHSET NPSIMOE YUCIEHHOE

MOACIIUPOBAHUE IJI1 aHAJIM3a OAHOIO WMJIM HECKOJBbKUX (I)I/ISI/ILIGCKI/IX CBOICTB o6pa3ua, KaK
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NPaBUJIO, MOCPEACTBOM UHCJIOBOIO aHAIN3a CErMEHTHPOBAHHOIO OOBEMHOro HH(POBOro
m3obpakerus. CBoiicTBa, ompenensieMble Ha craguud 220, BKIIOYAIOT H3y4YaeMble
nerpou3nYecKre CBOICTBA, KOTOPbIE HANpPSIMyH) WJIM KOCBEHHO CBS3aHbI C YAEIbHOMN
NPOBOAUMOCTBI) TIJIMHUCTBIX KOMIIOHEHTOB 94, Takue Kak MOPUCTOCTb, IUIACTOBBIN
KO3 PULIMEHT, TMOKa3aTeNb LEMEHTALUH, [0Ka3aTelb YAEJIbHOIO  CONPOTHBIIEHUS,
k0o puLmeHT yanmuHeHus npodera, MoKas3aTeib HACBILEHHUS U T. . DTU NMETPOPUINIECKUE
CBOICTBA MOJKHO OLEHUTb C TIOMOLIBK) COOTBETCTBYIOLIEH JAMCKPETHU3AaLMU BCErO
CErMEHTHPOBAHHOTO O0BEMHOr0 IM(PPOBOro M300paKEHUS WM CETKH H3MEHSFOIIErocs
MOPOBOrO MPOCTPAHCTBA U TJMHUCTBIX KOMIIOHEHTOB, B COYETaHUU C COOTBETCTBYIOLIUM
YUCJIOBBIM  MOJEIMPOBaHHEM, HampuMep TMpsMbIM  YHCIEHHBIM  MOJEIHPOBAHUEM
3JIEKTPUYECKON yAENBbHONW NPOBOAUMOCTH AJIsl ONPEAEICHUs SJIEKTPUIECKUX CBOWCTB FOPHOU
nopozbl. J{isi onpeneneHus HEKOTOPBIX U3 3TUX NMETPOPU3NISCKUX CBOWCTB Ha crtamuu 220
TaKXXE€ MOJKET TMOTPeOOBATBHCS BBIMIOJIHHUTH YHCIIOBOE MOJEIHUPOBAHHE METOAAMU KOHEUYHBIX
3JIEMEHTOB, METOAAMH KOHEUHBIX PAa3HOCTEH, METOAaMH KOHEUYHBIX OOBEMOB, METOIOM
peLIeTOuHbIX YpaBHEHUH bonbliMaHa uian JIIOOBIX JPYrux YHUCIOBBIX moaxonoB. Hampuwmep,
Ha ¢ur. OC TMOKAa3aHO BBIYMUCJIEHHE IUIACTOBOrO KO3(pGUIMEeHTa Ui TpeX PpasHbIX
TJIMHOHOCHBIX TECKOB METOAOM MpPSIMOTrO YHUCIEHHOTO MOJAEIUPOBAHUSA, I'Zl€ Y TJIMHHUCTBIX
KOMIIOHEHTOB 94 €CTb Ha3HAYEHHbIE YAEIbHbIE IPOBOJUMOCTH.

[0079] B cooTBeTCTBHU C 3TUM BapHUAHTOM OCYIIECTBICHUS] HACTOSIIETr0 U300peTeHus
NPEANONaraeTcsi, 4TOo TPAaAULMOHHbIE IUArpaMMbl KapoTa)xka MO METOAy CONPOTHBIICHHUS
MOTYT HCIIOJIb30BAThCSL Uil Ooyiee CJIOKHBIX CTPYKTYpP IUIACTOB, BKJIFOUAsl IUIACTBI C
KOMITOHEHTAaMU TJIMHUCTOTO MHHEpana, U MOIYT MPENOCTABIIATb TOYHbIE PE3YJbTAThl IO
BAKHBIM NETPOPU3MYECKHM CBOWCTBAM, TAaKUM KaK MOPUCTOCTb, BOJOHACHIIIEHHOCTD,
TJIMHACTAsT QPaKIMs M T. 1., B YaCTHOCTH, €CIH YyIeNbHas MPOBOIUMOCTb OIICHUBAETCS B
COOTBETCTBHH C BAPUAHTAMH OCYLIECTBICHHS HACTOSIIErO H300PETEHHsI, ONIMCAHHBIMH BBIIIE.
Taxxe npenycMaTpuBaeTcsi aHaIU3 BO3JEHCTBUS BTOPUUHBIX MPOLIECCOB BOCCTAHOBIIEHHUS Ha
IUIACTBL, AJI1 KOTOPBIX MOJy4YeHbl AUarpaMMbl KapoTaxka 1o METOAY COMPOTHUBIICHUS.

Saxnouenue

[0080] Kak Obwio ommcaHO BbIMIEe, B COOTBETCTBHUH C BapUAHTAMH OCYIIECTBIICHUS
HACTOSAIIEr0 HM300peTeHHsT MPEeNOCTaBIAETCS CIOCO0 M CHUCTEMa TOYHOH  OLIEHKH
3JIEKTPUYECKOTO OTKJIMKAa TJMHHMCTBIX MMHEpAaJOB M TIE€CKOB, COAEpXKalUX TIJINHUCTHIE
MHHEPAJIbl, HA OCHOBE (PU3NYECKUX MEXAHU3MOB, MMPOUCXOMAALINX HA MOJIEKYJIIPHOM YPOBHE.
IIpennonaraercs, 9TO BO3MOXKHOCTb IPOBEACHUS STUM CHOCOOOM aHajM3a HaHOPa3MEPHBIX

MAaTEPUAJIOB, TAKUX KaK INIMHUCTBIE MUHEPAJIbI, 6YI[6T HUCIIOJIb30BAThHCs AJIs IITUPOKOTO psiaa
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[JIMHUCTBIX ~ CTPYKTYp, IIOMHMO OIMCAHHBIX BbIIE TMPUMEPOB MUPOPUIITUTOBOM,
MOHTMOPHJIJIOHUTOBOH M KAOJIMHUTHOW, MOCKOJBKY OAWH MU TOT K€ MOJXOJ MOAXOIUT IS
IIUPOKOTO psiida MOJIEKYJSIDHBIX MOJeNeil TNIMHUCTBIX MHUHepajoB. biaromapst Takoi
BO3MOKHOCTH MOXKHO OyZeT Jydile MOHSTh NMPUHLMIT ACHCTBUS APYIHX aHAJIUTHYECKUX
UHCTPYMEHTOB, TaKMX KaK H3MEPEHHs TMpPsSAMbIM  YHUCJICHHBIM  MOJEJIHUPOBAHUEM
nerpodu3uyueckux CBOHCTB 00pas3la MOA3€MHOIO IUIACTa, KOTOPBIA COMEPIKUT TIIMHUCTHIE
MHHEpaJibl, W pa3padoTka M aHaIu3 IUIACTOBOTO KO3((UIMEHTAa COCTABHBIX IUIACTOB,
COZIepIKALIIX HAHOPa3MEPHbIE KOMITIOHEHTBI, TAKUE KaK TIIHHBI.

[0081] XoTs HacTositnee n300peTeHHe OBLIO OMUCAHO CO CCHUTKOH Ha KOHKPETHBIE
BAPUAHTBI €r0 OCYLIECTBJEHHs, CJeIyeT MOHHUMAaTh, YTO 3TH BAPHUAHTHI OCYIIECTBIIECHHS
MOTyT OBbITh MOIU(HUIMPOBAHBI MM MOTYT HUMETh aJbTEPHATHUBHbIC BAPHAHTBI, M TaKHe
MoAM(pUKALMA U aJIbTEPHATHUBHbIE BapHAHTbI, OOECMEYMBAIOIINE TMPEHMYLIECTBA U
Onaronpusitabie 3P dexTsr, OyayT OYEBUAHBI CHIELUATNCTAM B 00JIACTH TEXHUKH HACTOSIIIETO
n300peTeHNst Mociie O3HAKOMIICHHUSI C €ro packpeitTheM u ¢urypamu. Ilpenmonaraercs, 4ro
Takue MOAM(UKALMKM ¥ aJbTEPHATHBHBIE BAPHAHTBI BXOASIT B O0BEM HACTOSIIErO

n300peTeHNs], ONPeeeHHbIN puIaraeMoi GopMyJiol n300peTeHus.



31

DPOPMVYJIA U3OBPETEHUA

1. Criocob ananusa obpasLia TOpHOH MOPOIBI, COAEPKAIIEr0 MIMHUCTBI KOMITIOHEHT,
NpeAyCMaTPUBAOIIMIN:

OLICHKY YAeJbHOH MPOBOJUMOCTH MNIMHUCTOIO KOMIIOHEHTA B 00pasiie TOpHOH NOPOJBI;

CerMEHTHPOBaHHE 0OBEMHOTO LU(PPOBOrO M300PaKEHHUS, COOTBETCTBYIOLIETO OTHOMY
WIA HECKOJbKUM TomorpadguueckuM u300paskeHusiM oOpas3lia TOPHOW MOPOXbI,  JJIs
CBSI3bIBAHUSI BOKCeJiell OOBEMHOIro HU(PPOBOr0 HM300pa)KEHUS] ¢ MOPOBBIM MPOCTPAHCTBOM,
TBEPABIM MATEPHUAJIOM HJIU TJIMHUCTBIM KOMIIOHEHTOM,;

Ha3HAYE€HHe 3HAYeHHs OTHOCUTEJbHOW yIEeJbHOH TMPOBOJUMOCTH  BOKCEJSIM,
COOTBETCTBYIOIIUM TJIHHUCTOMY KOMIIOHEHTY, OTHOCHUTENbHO YAEJIbHOW MPOBOJMMOCTH
JKUIKOCTH, HAXOMSILIENCs B TOPOBOM MPOCTPAHCTBE 00pasLa,

3aTeM YHCJIEHHBIH aHaJM3 MPEACTaBICHUS] OOBEMHOr0 HU(POBOTO M300PaKEHHS IS
oTmpenesieHus] CBOMCTBA MaTepuaja odpasia rOpHOM MOPOIBI.

2. Cnoco0 mo 1. 1, B KOTOPOM CTajusi OLIEHKH yIEIbHOW MPOBOAMMOCTH TJIHHUCTOTO
KOMITOHEHTA MPeayCMaTPHBAET:

MOCTPOSHHE MOJIEKYJISIPHOTO MPENCTABJICHHSI [NTIMHUCTOrO MUHepaia, COCTOSILErO U3:

0e3BOIHON CTPYKTYPBI aTOMOB, PACIOJI0KEHHBIX BO MHOKECTBE MapajUIeSIbHbIX CJIOEB,
npuyueM 0e3BO/IHAs CTPYKTYPA COAEPIKUT YUACTKH, 3aMELIA0IINE aTOMbI METaJLIa B CTPYKTYpe
B KOHLICHTPALMH, COOTBETCTBYIOIIEH BHIOPAHHOI IIIOTHOCTH 3apsiia,

NPOTUBOMOHOB 10 MEHbLIEH Mepe ONHOrO BHUIA, PACIOJIOKEHHBIX B MEXKCIOHHOM
MPOCTPAHCTBE MEXKIY CJIOSIMH O€3BOAHOI CTPYKTYPBI, B KOHLIEHTPALUH, COOTBETCTBYIOLIEH
BBIOPAHHOW TUIOTHOCTH 3apsiaa, U

MHO’KECTBA MOJIEKYJI BOJIbI, PACTIONIOKEHHBIX B MEKCIIOWHOM MPOCTPAHCTBE,

Ha3HAYeHHe TMapaMeTPOB CHJIOBOTO TMOJs MOJIEKYJISIPHOMY TMpPEACTABICHUIO B
COYETAHWH C TPAHUYHBIMU YCJIOBHSMH, COOTBETCTBYIOIMUMH BbIOPAaHHOMY JaBJICHHIO U
TeMIIepaType TIIMHUCTOrO MUHEPAJIa;

3aTeM NPHUMEHEHHE KOMIBIOTEPHOH CHUCTEMbl Uil BBITOJHEHHS MOJEINPOBAHUS
METOJIOM MOJIEKYJIIPHOH JOUHAMHKHM YpaBHEHHH [BW)KEHHs 3a WHTEPBaJl BpEeMEHH
MOJIeJIMPOBAHMUS ISl OTIPEeSICHUs] KOOPANHAT TOJOKEHHsI TIPOTHBOMOHOB B MPEICTABJICHHH
BO MHOKECTBE MOMEHTOB BPEMEHH 3a HHTEPBAJ BPEMEHH MOJESTUPOBAHHS,

BBIYHCJICHHE HA OCHOBAHUH KOOPIMHAT MOJIOKEHHS BO MHOKECTBE MOMEHTOB BPEMEHH
K03 PunreHToB camoan(Py3uu IJIsi OMHOTO UM HECKOJIBKUX BUIOB MPOTHBOMOHOB H

3aT€M BBIUMCJICHHE HOHHOM npoBOAMMOCTH  OJI1 BHUAa HOPOTHUBOHMOHOB U3
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koo purmenToB camoaudysuu.

3. Cnocob no m. 2, B KOTOPOM CTaausl MOCTPOEHUSI MOJIEKYJIIPHOTO TPEACTaBICHUS
npenyCcMaTpUBAET:

oOpa3oBaHHe DJJIEMEHTAPHOH SYEHKHM MpPENCTaBIEHHs, COXEpIKalledl  aTOMBI,
COOTBETCTBYIOLIME YaCTH IO MEHbIIEH Mepe OJHOTO CJI0s1, U COAepIKaILel YaCTh MEXKCJIONHOTO
NPOCTPAHCTBA, U

pasMelleHre MHOKECTBA DJIEMEHTAPHBIX SUYEeK B MMPEACTABICHUU CBEPXbSYEHKH
[JIMHUCTOTO MHHEpAJIa.

4. Crioco0 1o 1. 1, JOMOJHUTENBHO MPEAyCMaTPUBAIOIIIHA

nojydyeHue oObeMHOro 1mudpoBoro u3zoOpakeHws: oOpas3la TOPHOW TMOPOIBI
NOCPEJICTBOM OJHOTO W3 CJIEAVIOIIErO. PEHTIeHOBCKOW TOMOrpaduH, pPEeHTTeHOBCKOM
MHKpPOTOMOTpaH, PEHTTCHOBCKOH HaHOTOMOrpaduu, CKaHHPYIOLIEeH 3JeKTPOHHOM
MHKPOCKOMUHU CPOKYCUPOBAHHBIM MOHHBIM MYYKOM, SIEPHOTO MAarHUTHOTO Pe30HaHCa WIIH
HEUTPOHHON TOMOTpaduu.

5. Crocob o 1. 4, B KOTOpoM obpaszel] TOPpHOM MOPOABI MPEACTABIISIET COOOH OTHO U3
CJIEYIOLIETO: LeIbHBIN KePH, KEPHBI, OTOMpaeMble U3 CTEHKH CTBOJIA CKBAKUHBI, OOHAKEHHbIE
nopozbl, OOJIOMKH BBIOYPEHHOW MOPONbI, CO3JaHHbIE B JaOOpaTOpuM CUHTE3UPOBAHHBIC
o0pa3Lbl rOPHOI MOPO/IbI, ECUaHble MPOOKH M IEMEHTUPOBAHHBIE IPOOKH.

6. Cucrema 1151 aHanu3a 00Opas3loB MaTepHaa, IpUIeM CUCTEMA COAEPIKHUT:

cucteMy (HOpMHPOBaHHS H300PAXKEHUH, BBIMOJHEHHYIO C BO3MOXKHOCTBIO CO3aHUS
00BeMHOT0 LU POBOTo N300paskeHust 0Opasiia MaTepuania,;

KOMIIBIOTEPHYIO CHUCTEMY, COSIUHEHHYIO C YCTPOMCTBOM 00pabOTKM M300pakeHHi U
CoZepIKaLIYIO:

OJIH MJTH HECKOJIBKO MPOLIECCOPOB U

OHO WJIM HECKOJIbKO 3alOMUHAIOIIUX YCTPOWCTB, COEJUHEHHBIX C OJHUM HJIH
HECKOJIbKUMH MPOLIECCOPAMH, XPAHSIIUX MPOrPAMMHbBIE KOMAH/bI, B PE3YJIbTATE BHINOJHEHUSI
KOTOPBIX OJHHM HJIH HECKOJbKHMH MPOLIECCOPAMH OIUH WM HECKOJIBbKO MPOLIECCOPOB
AHATM3UPYIOT 00paser] TOPHOW MOPOAbI, COAEpPIKAINMNA TIMHUCTBIA KOMITIOHEHT, 3a CYeT
BBITIOJIHEHHSI MHOKECTBA OTNEPaLHii, MPeayCMaTPUBAOIINX |

CEerMEHTHPOBaHHE 0OBEMHOT0 LHU(PPOBOro H300PAKEHHUS], COOTBETCTBYIOLIETO OTHOMY
WIN HECKOJBbKUM TomnorpauyeckuM H300pakeHUsIM 00pas3la TOpPHOH TOpOAbL —AJIs
CBSI3bIBaHUSI BOKCEJNEeH OOBEMHOro mu(ppoBoro M300paske€HUsi C MOPOBBIM IMPOCTPAHCTBOM,
TBEPABIM MAaTEpUAIOM WJIH [JIMHUCTBIM KOMIIOHEHTOM C OLIEHEHHOW yJeJbHON

MNpOBOAUMOCTBIO,
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Ha3HAQUeHWe 3HAa4YeHHsT OTHOCHUTEJIbHOM }U:[G.]'IbHOfI NpOBOANMOCTH  BOKCEJIAM,
COOTBETCTBYHOLIMM TJIMHUCTOMY KOMIIOHCHTY, OTHOCUTECIIbHO YI[GJIBHOP'I MpoOBOANMOCTH
KUAKOCTH, HAXOASLIENHCS B TOPOBOM MPOCTPAHCTBE 00pa3La,

3aTeM YHCJIEHHbIH aHAJIN3 MPEACTABICHUA 00BbEMHOr0 LU(POBOro M300pakeHUs I
OIIpe/ieIeHNs CBOWMCTBA MaTepuaa oOpasna ropHOH MOPObL.

7. Cucrema mo m O, B KOTOPOW MHOXKECTBO OmNEpaluil JOMOJHUTEIBHO

>
NPEeyCMaTPUBAIOT OMNEPALMIO OLEHKU YIEJbHONH MPOBOAMMOCTH TJIIMHUCTOIO KOMIIOHEHTA
MOCPEICTBOM BBINIOJIHEHUsI MHOKECTBA OIepalui, npeaycMaTpUBarOLUX

MOCTPOEHUE MOJIEKYJIAPHOTO MPEACTABIEHHs ITIMHUCTOrO MUHEPAsa, COCTOSIIETO U3:

0e3BOHON CTPYKTYPBI aTOMOB, PACIIOJIOKEHHBIX BO MHO)KECTBE MapauIeIbHBIX CJIOEB,
npuueM 0e3BOfIHAs CTPYKTYPa COAEPKUT YUACTKH, 3aMEIIA0IINE aTOMBI METaJLIA B CTPYKTYpe
B KOHLIEHTPALMH, COOTBETCTBYIOLIEH BHIOPAHHOM IJIOTHOCTH 3apsia;

NPOTUBOMOHOB MO MEHBIIEH Mepe OJHOIO BHMA, PACIOJIOXKEHHBIX B MEKCIONHOM
NPOCTPAHCTBE MEXKIY CIOSIMH O€3BOAHOH CTPYKTYPBI, B KOHLIEHTPALUH, COOTBETCTBYIOLIEH
BBIOpPAHHOM TUIOTHOCTH 3apsiaa, U

MHO>K€CTBA MOJIEKYJI BOABI, PACIOJIOKEHHBIX B MEXCIOHHOM IIPOCTPAHCTBE,

Ha3HAYEHHUE TapaMETPOB CHJIOBOTO IOJA  MOJEKYJISIPHOMY IIPEICTABICHHUIO B
COYETAaHNH C TPAHUYHBIMU YCIOBUSMH, COOTBETCTBYIOLIMMM BBIODAHHOMY MAaBIEHHIO U
TEeMIIepaType MIMHUCTOrO MUHEPAIA,

BBIMIOJIHEHUE MOJENUPOBAHUSA METOAOM MOJEKYJSIPHOM JUHAMHUKU ypaBHEHUMH
JBIDKEHUsS 34 MHTEPBAJ BPEMEHU MOEIUPOBAHUs I ONPENEEHUs] KOOPAUHAT MOJIOKEHHUS
NPOTHBOMOHOB B NMPEACTABICHUH BO MHOJKECTBE MOMEHTOB BPEMEHH 32 MHTEPBAJ BPEMEHHU
MOJZIEJIMPOBAHUS,

BBIYMCJIEHNE HA OCHOBAHUU KOOPJAMHAT MOJIOKEHUS] BO MHOXKECTBE MOMEHTOB BPEMEHU
k03¢ punmenToB camonudGy3un 1t OMHOTO WK HECKOJIBKUX BUIOB IIPOTUBOMOHOB U

3aTeM BBIYUCJIEHHWE MOHHOW NPOBOAUMOCTH JAJsi BHAA IPOTUBOMOHOB W3

k03 purmenTos camoauddysuu.
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTUS2015063576

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

&
O

4. 0O

the international application in the language in which it was filed.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. [ forming part of the international application as filed:
O in the form of an Annex C/ST.25 text file.

L1 on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13fer.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. U furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:

Form PCTASA/237 (January 2015)
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INTERNATIONAL SEARCHING AUTHORITY PCTUS2015063576

Box No. IV

Lack of unity of invention

1. X In response to the invitation (Form PCTASA/206) to pay additional fees, the applicant has, within the
applicable time limit:

X

O
O
O

paid additional fees
paid additional fees under protest and, where applicable, the protest fee
paid additional fees under protest but the applicable protest fee was not paid

not paid additional fees

2. 0 This Authority found that the requirement of unity of invention is not complied with and chose not to invite
the applicant to pay additional fees.

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is

U complied with

& not complied with for the following reasons:

see separate sheet

4. Consequently, this report has been established in respect of the following parts of the international application:

X all parts.

L1 the parts relating to claims Nos.

Box No. V

Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-11. 13, 14, 16-18, 20-22
No: Claims 12,15, 19

Inventive step (IS) Yes: Claims 17,18, 21, 22
No: Claims 1-16, 19, 20

Industrial applicability (1A) Yes: Claims 1-22

No: Claims

2. Citations and explanations

see separate sheet

Form PCTASA/237 (January 2015)
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Box No. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASA/237 (January 2015)
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Reference is made to the following documents:

D1:

D2:

D3:

D4:

D5:

D6:

D7:

D8:

D9:

Greenwell H. C. et al. (2005) "On the application of computer simulation
techniques to anionic and cationic clays: A materials chemistry
perspective",JOURNAL OF MATERIALS CHEMISTRY, vol. 16, no. 8, pages
708-723, (XP055268102)

Boulet P. et al. (2006) "Recent advances in understanding the structure and
reactivity of clays using electronic structure calculations",JOURNAL OF
MOLECULAR STRUCTURE (THEOCHEM), vol. 762, no. 1-3, pages 33-48,
(XP027892867)

Cygan R. T. et al. (2004) "Molecular Models of Hydroxide, Oxyhydroxide, and
Clay Phases and the Development of a General Force Field",JOURNAL OF
PHYSICAL CHEMISTRY PART B: CONDENSED MATTER, MATERIALS,
SURFACES, INTERFACES & BIOPHYSICAL, vol. 108, no. 4, pages
1255-1266, (XP055267808)

Okamoto M. et al. (2001) "Dispersed structure and ionic conductivity of
smectic clay/polymer nanocomposites",POLYMER, vol. 42, no. 6, pages
2685-2688, (XP004223293)

Chou Chang F-R. et al. (1998) "Monte Carlo and Molecular Dynamics
Simulations of Electrical Double-Layer Structure in Potassium-Montmorillonite
Hydrates",LANGMUIR, vol. 14, no. 5, pages 1201-1207, (XP055268203)

Arns C. H. et al. (2001) "Accurate estimation of transport properties from
microtomographic images", Geophysical Research Letters, vol. 28, no. 1,
pages 3361-3364, (XP055304653)

Arns J-Y. et al. (2003) "Relative permeability from tomographic images; effect
of correlated heterogeneity"”, Journal of Petroleum Science and Engineering,
vol. 39, no. 3-4, pages 247-259, (XP055292196)

Keller T. et al. (2012) "An interdisciplinary approach towards improved
understanding of soil deformation during compaction”, Soil and Tillage
Research, vol. 128, pages 61-80, (XP028969883)

Churakov S. V. et al. (2011) "Up-Scaling of Molecular Diffusion Coefficients in
Clays: A Two-Step Approach”, Journal of Physical Chemistry C, vol. 115, no.
14, pages 6703-6714, (XP055307190)

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2015/063576

Re Item IV
Lack of unity of invention

1 This Authority considers that the application does not meet the requirements
of unity of invention and that there are three inventions covered by the claims
indicated as follows:

Invention | (claims 1-11):

A method of operating a computer system to calculate electrical conductivity
in a clay mineral.

Invention Il (claims 12-16, 19, 20):

A method of analyzing a rock sample comprising a clay component and a
system for doing the same.

Invention Il (claims 17, 18, 21, 22):

A method of operating a computer to calculate a formation factor for a rock
system comprising a clay mineral and a system for doing the same.

1.1 The reasons for which the inventions are not so linked as to form a single
general inventive concept, as required by Rule 13.1 PCT, are as follows:

The prior art has been identified as D4 and discloses (abstract):
a conductivity in a clay.

It is reminded that an international patent application shall relate to one
invention only or to a group of inventions so linked as to form a single general
inventive concept (R. 13.1 PCT). However, it appears that the common
concept linking claims 1-22, namely a conductivity in a clay, is known from the
prior art. Therefore, it is considered that the above-mentioned inventions are
not so linked as to form a single inventive concept (R. 13.1 PCT) and lack of
unity arises.

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Invention | (claims 1-11)

2 The present application does not meet the criteria of Article 33(3) PCT,
because the subject-matter of claim(s) 1-11 does not involve an inventive
step.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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2.1 D1 is regarded as being the prior art closest to the subject-matter of claim 1,
and discloses (abstract, paragraphs 4.2.2., 5.-5.1.1., Fig. 5, 6):

A method of operating a computer system to calculate a property of elestrical
coendustivity-in a clay mineral, comprising the steps of:

constructing a molecular representation of a clay mineral, comprised of:

an anhydrous structure of atoms arranged in a plurality of parallel layers, the
anhydrous structure including substitution sites in place of metal atoms in the
structure at a concentration corresponding to a selected charge density;

counterions of at least one species disposed in an interlayer space between
layers of the anhydrous structure, at a concentration corresponding to the
selected charge density; and

a plurality of water molecules disposed in the interlayer space;

assigning force field parameters to the molecular representation in
combination with boundary conditions corresponding to a selected pressure
and temperature condition of the clay mineral;

then operating the computer system to perform a molecular dynamics
simulation of equations of motion over a simulation time interval, to determine
positional coordinates of counterions in the representation at a plurality of
times during the simulation time interval,

then calculating a property of the clay mineral ion-cendustivitiesfora-species
: . : I - cliffuic fhicy _

2.2 The subject-matter of claim 1 therefore differs from this known from D1 in that
in particular a property of electrical conductivity in a clay mineral is calculated.

2.3 However, the feature of calculating electrical conductivity as an exemplary
property is merely one of several straightforward possibilities from which the
skilled person would select, in accordance with circumstances, without the
exercise of inventive skill.

Indeed, the concept of examining the correlation between internal structure
and electrical conductivity in a clay mineral is well known in the prior art (see,
e.g., D2 - paragraph 2.2. and D4 - abstract).

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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Therefore, the subject-matter of claim 1 of the present application cannot be
considered as involving an inventive step (Art. 33(3) PCT).

2.4 Dependent claims 2-11 do not contain any features which, in combination
with the features of any claim to which they refer, meet the requirements of
the PCT in respect of inventive step (see D1-D5 in their entirety, Art. 33(3)
PCT).

Invention |l (claims 12-16, 19, 20)

3 The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of claims 12-16, 19 and 20 is not new and/or not
inventive (Art. 33(2) and/or 33(3) PCT).

3.1 D6 discloses (abstract, p. 3361, right-hand col., I. 35 - p. 3363, left-hand col.,
l. 20 beginning with "A microstructure defined by a digital ...", Fig. 1):

A method of analyzing a rock sample comprising a clay component,
comprising:

estimating the conductivity of a clay component in the rock sample;

segmenting a digital image volume corresponding to one or more
tomographic images of the rock sample, to associate voxels in the digital
image volume with pore space, solid material, or the clay component; and

assigning a relative conductivity value to voxels corresponding to the clay
component relative to the conductivity of a fluid occupying the pore space of
the sample; and

then numerically analyzing a representation of the digital image volume to
characterize a material property of the rock sample.

Therefore, the subject-matter of claim 12 is not new (Art. 33(2) PCT).

3.2 As the subject-matter of independent system claim 19 corresponds to the
subject-matter of independent method claim 12, it also lacks novelty (Art.
33(2) PCT) for the same reasons as mentioned in paragraph 3.1 above.

3.3 Dependent claims 13-16 and 20 do not contain any features which, in
combination with the features of any claim to which they refer, meet the
requirements of the PCT in respect of novelty and/or inventive step (see D6-
D8, passages cited in the search report, Art. 33(2) and/or 33(3) PCT).

Invention Il (claims 17, 18, 21, 22)

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005)



WRITTEN OPINION OF THE International application No.
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4 The present application, as far as can be understood in light of clarity
objections set forth in Re Item VIII below (see paragraphs 5.5 and 5.6), meets
the criteria of Article 33(1) PCT, because the subject-matter of claims 17, 18,
21 and 22 is new and inventive in the sense of Article 33(2) PCT and 33(3)
PCT, respectively.

4.1 D9 is regarded as being the prior art closest to the subject-matter of claim 17,
and discloses (the references in parentheses applying to this document):

A method of operating a computer to calculate a formation factor for a rock
system comprising a clay mineral (p. 6703, left-hand col., |. 2-9; Table 4; p.
6710, left-hand col., I. 33-37), comprising the steps of:

constructing a model representation of a molecular fluid system (Figure 1),
comprising:

a plurality of unit cells of the molecular fluid populating a selected volume
(Figure 1); and

interstitial ions located disposed in the volume ata-cencentration
correspending-to-a-selested-charge-density (p. 6704, right-hand col., |. 11-15);

assigning force field parameters to the model representation (implicit);

then operating the computer system to perform a molecular dynamics
simulation of the equations of motion over a selected time duration, to
determine positional coordinates of a plurality of species in the model
representation at a plurality of times in the time duration (p. 6705, left-hand
col., . 26-43);

from the positional coordinates at the plurality of times, calculating sel-
diffusion coefficients for one or more of the species (abstract; p. 6704, left-
hand col., |. 60 - right-hand col., I. 15);

left-hand col., I. 33-37).

Therefore, the subject-matter of claim 17 is new (Art. 33(2) PCT).

The subject-matter of claim 17 differs from this known from D9 in the following
features:

Form PCT/ISA/237 (Separate Sheet) (Sheet &) (EPO-April 2005)
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4.2

(i) interstitial ions, being a part of the constructed computational model, are
at a concentration corresponding to a selected charge density;

(i) self-diffusion coefficients for one or more of the species of the model are
calculated;

(iii)  bulk conductivity of the molecular fluid system from the self-diffusion
coefficients are calculated;

(iv) the ion conductivity for the clay mineral is determined;

(v) the formation factor is calculated as a ratio of the bulk conductivity of the
molecular fluid system to the ion conductivity for the clay mineral.

The problem to be solved by the present invention may be regarded as how
to alternatively calculate, applying the molecular dynamics approach, a
formation factor for a rock system comprising a clay mineral.

The problem is solved by (i) disposing interstitial ions located in the volume of
the model of a molecular fluid system at a concentration corresponding to a
selected charge density; (ii) calculating self-diffusion coefficients for one or
more of the species of the model; (iii) calculating bulk conductivity of the
molecular fluid system from the self-diffusion coefficients; (iv) determining the
ion conductivity for the clay mineral; and (v) calculating the formation factor
as a ratio of the bulk conductivity of the molecular fluid system to the ion
conductivity for the clay mineral.

None of the prior art documents discloses, nor even suggests such a solution
to the problem set forth in the paragraph above.

As a consequence, claim 17 meets the requirements of the PCT with respect
to novelty (Art. 33(2) PCT) and inventive step (Art. 33(3) PCT).

The subject-matter of independent system claim 21 partially corresponds to
the subject-matter of independent method claim 17. The characterising
feature of claim 21, which is not reflected in claim 17 is an imaging system
configured to produce a digital image of a material sample.

In this case D9 is also regarded as being the closest prior art and following
the reasoning set forth in paragraph 4.1 above, with a slight modification due
to considering the additional feature of the imaging system, it is stated that
the subject-matter of claim 21 appears to be novel and inventive (Art. 33(2)
and 33(3) PCT).

Form PCT/ISA/237 (Separate Sheet) (Sheet 6) (EPO-April 2005)
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4.3 Claims 18 and 22 are dependent on claim 17 and 21, respectively and as
such also meet the requirements of the PCT with respect to novelty and
inventive step.

Re Item Vil
Certain observations on the international application

5 The application does not meet the requirements of Article 6 PCT, because at
least claims 1, 12, 17 and 21 are not clear.

Invention |

5.1 The formulation "from the positional coordinates at the plurality of times" used
in at least in claim 1 is unclear since an object/objects described by the
positional coordinates remains/remain vague.

Invention |l

5.2 It is clear from the description in paragraphs [0031]-[0035] that the following
features are essential to the definition of the invention:

a computer-implemented method.

Since independent claim 12 does not contain this feature it does not meet the
requirement following from Article 6 PCT taken in combination with Rule
6.3(b) PCT that any independent claim must contain all the technical features
essential to the definition of the invention.

5.3 The terms "conductivity” and "relative conductivity" used in at least claim 12
are vague and unclear and leave the reader in doubt as to the meaning of the
technical features to which they refer, thereby rendering the definition of the
subject-matter of said claims unclear. Indeed, the technical difference
between these two terms is unclear.

5.4 Claim 12 does not meet the requirements of Article 6 PCT because the matter
for which protection is sought is not clearly defined. The claim attempts
partially to define the subject-matter in terms of the result to be achieved,
which merely amounts to a statement of the underlying problem, without
providing the technical features necessary for achieving this result.

Indeed, it is not clear how exactly a representation of the digital image volume
is analysed.

Invention |l

Form PCT/ISA/237 (Separate Sheet) (Sheet 7) (EPO-April 2005)
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5.5 The terms "fluid" and "species” used in at least claim 17 have very broad
meanings and, therefore, are vague and unclear and leave the reader in
doubt as to the meaning of the technical features to which they refer, thereby
rendering the definition of the subject-matter of said claim unclear.

5.6 The characterising features of claim 21 do not correspond to the
characterising features of claim 17 and, therefore, the scope of protection of
claim 21 is not clear.

Form PCT/ISA/237 (Separate Sheet) (Sheet 8) (EPO-April 2005)
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This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.
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This international search report consists of a total of sheets.

It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

D atranslation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6 bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.
2. D Certain claims were found unsearchable (See Box No. II)
3. Unity of invention is lacking (see Box No Il)

4. With regard to the title,
the text is approved as submitted by the applicant
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant

|:| the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant
D as selected by this Authority, because the applicant failed to suggest a figure
D as selected by this Authority, because this figure better characterizes the invention

b. I:] none of the figures is to be published with the abstract
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:‘ As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.
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Category™
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JOURNAL OF MATERIALS CHEMISTRY,
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GB

the whole document
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application of computer simulation
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ISSN: 0959-9428, DOI: 10.1039/B506932G

1-11

_/__

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
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"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

12 October 2016

Date of mailing of the international search report

21/10/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Godzina, Przemyslaw

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 5




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/063576

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

BOULET P. ET AL: "Recent advances in
understanding the structure and reactivity
of clays using electronic structure
calculations",

JOURNAL OF MOLECULAR STRUCTURE (THEOCHEM),
ELSEVIER SCIENCE PUBLISHERS B.V.,
AMSTERDAM, NL,

vol. 762, no. 1-3,

2 April 2006 (2006-04-02), pages 33-48,
XP027892867,

ISSN: 0166-1280

[retrieved on 2006-04-02]

the whole document

CYGAN R. T. ET AL: "Molecular Models of
Hydroxide, Oxyhydroxide, and Clay Phases
and the Development of a General Force
Field",

JOURNAL OF PHYSICAL CHEMISTRY PART B:
CONDENSED MATTER, MATERIALS, SURFACES,
INTERFACES & BIOPHYSICAL,

vol. 108, no. 4,

1 January 2004 (2004-01-01), pages
1255-1266, XP055267808,

Us

ISSN: 1520-6106, DOI: 10.1021/jp0363287
the whole document

OKAMOTO M. ET AL: "Dispersed structure
and ionic conductivity of smectic
clay/polymer nanocomposites",

POLYMER, ELSEVIER SCIENCE PUBLISHERS B.V,
GB,

vol. 42, no. 6, 1 March 2001 (2001-03-01),
pages 2685-2688, XP004223293,

ISSN: 0032-3861, DOI:
10.1016/S0032-3861(00)00642-X

the whole document

CHOU CHANG F-R. ET AL: "Monte Carlo and
Molecular Dynamics Simulations of
Electrical Double-Layer Structure in
Potassium-Montmorillonite Hydrates",
LANGMUIR,

vol. 14, no. 5,

10 February 1998 (1998-02-10), pages
1201-1207, XP055268203,

UsS

ISSN: 0743-7463, DOI: 10.1021/1a9704720
the whole document

_/__

1-11

1-11

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 5




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/063576

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

CLEROUIN J. ET AL: "Electrical
conductivity and equation-of-state study
of warm dense copper: Measurements and
quantum molecular dynamics calculations",
PHYSICAL REVIEW. B, CONDENSED MATTER AND
MATERIALS PHYSICS,

vol. 71, no. 6,

1 February 2005 (2005-02-01), XP055267830,
UsS

ISSN: 1098-0121, DOI:
10.1103/PhysRevB.71.064203

the whole document

ARNS C. H. ET AL: "Accurate estimation of
transport properties from microtomographic
images",

GEOPHYSICAL RESEARCH LETTERS,

vol. 28, no. 1,

1 September 2001 (2001-09-01), pages
3361-3364, XP055304653,

abstract

page 3361, right-hand column, line 35 -
page 3363, left-hand column, Tine 20
ARNS J-Y. ET AL: "Relative permeability
from tomographic images; effect of
correlated heterogeneity",

JOURNAL OF PETROLEUM SCIENCE AND
ENGINEERING,

vol. 39, no. 3-4,

1 September 2003 (2003-09-01), pages
247-259, XP055292196,

NL

ISSN: 0920-4105, DOI:
10.1016/50920-4105(03)00066-4

the whole document

KELLER T. ET AL: "An interdisciplinary
approach towards improved understanding of
soil deformation during compaction",

SOIL AND TILLAGE RESEARCH, ELSEVIER,
AMSTERDAM, NL,

vol. 128, 7 December 2012 (2012-12-07),
pages 61-80, XP028969883,

ISSN: 0167-1987, DOI:
10.1016/J.STILL.2012.10.004

paragraph [2.3.1.]

paragraph [3.3.]

paragraph [4.1.]

1-11

12-16,
19,20

12-16,
19,20

12-16,
19,20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 5




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/063576

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

CHURAKOV S. V. ET AL: "Up-Scaling of
Molecular Diffusion Coefficients in Clays:
A Two-Step Approach",

JOURNAL OF PHYSICAL CHEMISTRY C,

vol. 115, no. 14,

10 March 2011 (2011-03-10), pages
6703-6714, XP055307190,

UsS

ISSN: 1932-7447, DOI: 10.1021/jpl112325n
the whole document

REVIL A. ET AL: "Constitutive equations
for ionic transport in porous shales",
JOURNAL OF GEOPHYSICAL RESEARCH AMERICAN
GEOPHYS. UNION USA,

vol. 109, no. B3,

10 March 2004 (2004-03-10), page 19 pp.,
XP002760372,

ISSN: 0148-0227

the whole document

HORT R. D. ET AL: "Analysis of sources of
bulk conductivity change in saturated
silica sand after unbuffered TCE oxidation
by permanganate",

CONTAMINANT HYDROLOGY, ELSEVIER,
AMSTERDAM, NL,

vol. 165, 15 July 2014 (2014-07-15), pages
11-23, XP029046201,

ISSN: 0169-7722, DOI:
10.1016/J.JCONHYD.2014.07.003

page 12, right-hand column, line 41 - page
13, left-hand column, Tine 3

figures 3,4

table 3

SEN P. N. ET AL: "Formation factor of
carbonate rocks with microporosity: model
calculations",

JOURNAL OF PETROLEUM SCIENCE AND
ENGINEERING,

vol. 17, no. 3-4, 1 May 1997 (1997-05-01),
pages 345-352, XP055306410,

NL

ISSN: 0920-4105, DOI:
10.1016/50920-4105(96)00005-8

the whole document

17,18,
21,22

17,18,
21,22

17,18,
21,22

17,18,
21,22

Form PCT/ISA/210 (co

ntinuation of second sheet) (April 2005)

page 4 of 5




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/063576

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

DUFEY J. E. ET AL: "Selfdiffusion of
anions in clay gels",

ANALYTICAL SCIENCES, THE JAPAN SOCIETY FOR
ANALYTICAL CHEMISTRY, US,

vol. 51, no. 2, 1 May 1975 (1975-05-01),
pages 278-282, XP024187356,

ISSN: 0021-9797, DOI:
10.1016/0021-9797(75)90114-9

[retrieved on 1975-05-01]

page 278, left-hand column, line 26- -
right-hand column, Tine 6

BENNING J. L. ET AL: "The effects of
scale and spatial heterogeneities on
diffusion in volcanic breccias and
basalts: Amchitka Island, Alaska",
CONTAMINANT HYDROLOGY, ELSEVIER,
AMSTERDAM, NL,

vol. 106, no. 3-4,

12 May 2009 (2009-05-12), pages 150-165,
XP026018658,

ISSN: 0169-7722, DOI:
10.1016/J.JCONHYD.2009.02.005

[retrieved on 2009-02-21]

the whole document

LOFGREN M. ET AL: "Formation factor
logging by electrical methods. Comparison
of formation factor logs obtained in situ
and in the laboratory",

CONTAMINANT HYDROLOGY,

vol. 61, no. 1-4,

1 March 2003 (2003-03-01), pages 107-115,
XP055309213,

NL

ISSN: 0169-7722

the whole document

MARRY V. ET AL: "Structure and dynamics
of water at a clay surface from molecular
dynamics simulation",

PHYSICAL CHEMISTRY CHEMICAL PHYSICS.,
vol. 10, no. 32,

1 January 2008 (2008-01-01), page 4802,
XP055309895,

GB

ISSN: 1463-9076, DOI: 10.1039/b807288d
abstract

page 4803, left-hand column, line 29 -
page 4805, left-hand column, line 25
figure 1

17,18,
21,22

17,18,
21,22

17,18,
21,22

21,22

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 5 of 5




International Application No. PCT/ US2015/ 063576

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-11

A method of operating a computer system to calculate
electrical conductivity in a clay mineral.

2. claims: 12-16, 19, 20

A method of analyzing a rock sample comprising a clay
component and a system for doing the same.

3. claims: 17, 18, 21, 22

A method of operating a computer to calculate a formation
factor for a rock system comprising a clay mineral and a
system for doing the same.
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