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BDKCcrnepuMEeHTAIIBHO OIpeie/ieHbl yCI0BUs (DOPMUPOBAHUST XapaKTEPHBIX 00bEMHO-JIOKAJIM30BAHHBIX KJIACTe-
POB (B B¢ KOHYCOOOPAa3HOI HACKIITHOM TOPKU Y KBA3UILIOCKOM CTPYKTYPBI B BUAE “JTy>Ki ), 00pa30BaHHBIX
CBHIITyYMU,/TPaHYIMPOBAaHHBIMU CpedaMu. DTH KJlacTepbl YCTOMUYMBBI K TUHAMUYECKUM (BUOPALIMOHHBIM)
BO3ICMCTBHSIM B OITpeNe/IeHHBIX MHTEPBaJlaX TMHAMUYECKUX ITapaMeTPOB, YTO OTHOCUT MX K TIPUMEPaM IPOSIB-
JIEHUs “TBEpIOTEJIbHBIX” CBOMCTB IpaHyIMPOBAHHBIX Cpell. DTa aHAJIOTHsI C TBEPIOTEIbHBIM arperaTHbIM CO-
CTOSTHHIEM YCWJIMBAETCS IEMOHCTPAIEeil BO3MOXKHOCTH BUOpOTIepeMEIICHUST YKa3aHHBIX TUTIOB KJIaCTEPOB 13
CBIITYyYUX/TPaHyJIMPOBAHHBIX MAaTEPUAJIOB C COXpAaHEHMEM MPOCTPAHCTBEHHO (pOpMbI M 0OBEMA, XOTS BbISIB-
JIEHHBIE MEXaHU3MBI TTePEMEIIICHUS Pa3TMIHBI IUTS KaXKIOTO U3 IBYX PACCMOTPEHHBIX THTIOB KJIACTEPOB.

Karuesvie crosa: coinydyre/rpaHyIMpOBaHHbIE Cpelbl, 00bEMHO-JTOKAIM30BaHHbIE KIacTepbl, KOHYCOO0-
pa3Hasi TopKa, KBa3UTUIOCKHI KJTacTep B BUIE MecYaHOM “JIyXu", BUOpAaIlMOHHOE NiepeMelleHre
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Kaxnaprii pa3 npu obpallieHuu K IpoodjeMaM, CBsI-
3aHHBIM C TPAHYJIMPOBAHHBIMU (CHIITYYMMU) CPEIaMHU,
HEBOJIbHO (PUKCUpYETCS Clieayrolasi OCOOEHHOCTh
BOCITPUSITUST 3TOTO OOBEKTA: B MACCOBOM CO3HAHUU OH
MPENCTaBISIETCS “3aypsiTHBIM, HEpUMedaTesIbHbIM
W3-3a TIOBCEMECTHOM pacpoCTpaHEHHOCTU TPaHyJIn-
POBaHHBIX Cpel B KauyecTBE MPUPOA00O0pA3YIOIINX
MaTepruajioB W M3-3a MPUBBIYHOTO U IIMPOKOTO MX
WICTIOJIb30BaHMS BO BCE BpeMEHa JJIsI CTPOUTEIbHBIX
HyXI. B mpoTuBoBec 3ToMy, B HayKe TaKWe CpE.bl
SIBJISIIOTCST OOBEKTaMU TIPUCTAJIbHOTO BHUMAHUS U
WHTEHCUBHOTO M3YyYE€HUS C HeNpeKpallamluMcs
BBISIBJIECHMEM HOBBIX MPOOJieM U HOBBIX 3(h(HEKTOB.
CrnenyeT Takke OTMETUTh MOSIBJIEHUE “pPYKOTBOpP-
HBIX” TPaHYJMPOBAaHHBIX cpell (0OBEKTOB) IJISI UC-
MOJIb30BAHUSI B PAa3JIUYHBIX NPUKIIATHBIX LEIIX (10-
CTaTOYHO BCIOMHUTH OTPOMHYIO WHAYCTPUIO TIO
MPOU3BOJICTBY JIEKAPCTB B BUE TaOJIETOK U KaICyJI).

Bcio ucropuio peryasipHbIX HayuyHbIX MCClIeIOBa-
HUU rpaHyJIUPOBAHHBIX CPEJl YCJIOBHO MOXHO pa3fie-
JIUTB Ha JBa MTOCJeA0BaTeNbHbIX 9Tamna: 10 1980-x ro-
JIOB B OCHOBE MOYTH BCEX UCCIIEA0BATENBLCKUX paboT
OTHOCUTENBHO 3TUX OOBEKTOB JieXadud IpakTUye-
CKue TPUMEHEHUS M 3aIllpoChl MPUKJIAIHOTO XapakK-
Tepa (cM., Hampumep, [1, 2]). daxe cpopmupoBaB-
1Iasicsi K TOMY BpeMEHU HOBasi HaydyHast 00J1acTh IO/

Ha3BaHUeM “BubOpanunoHHass MexaHMKa” B 4YacTu
OIEPHUPOBAHUS C CHIITYYMMU CpEJaMU paccMaTpuBa-
Jla B OCHOBHOM 3a/JlauM TPUKJIATHOTO XapakTepa
(aHanU3 AeMCTBUSI BUOPOTPAHCIIOPTEPOB, YCTPOMCTB
M TIPOIIECCOB BUOPOOYHKEpHM3AIIMM, BUOpOpa3MeITb-
YyeHH1s 1 BUOPOOOPpaOOTKM MEJIKIX OOBEKTOB-TPAHYJI
u ap.) [3]. HauuHas ¢ ykazaHHOI BbIII€ BpEMEHHOM
rpaHUIlbl TPaHYJIMPOBAHHbBIE Cpelbl (MPEXAE BCETO,
WX IMHAMUKa) CTAaHOBSTCSI OObeKTOM MHOTOYMCIIEH-
HbIX (PYHIaMEHTaJIbHBIX KUCCASIOBaHUN B (pU3UKE,
aKyCTHUKE, MEXaHUKe, MaTeEMaTUKe U JIp. DTy pa3HU-
1y B Mepexojie OT MPUKIIAaaHbIX 3a1a4 K (PyHIaMeH-
TaJIbHBIM MTpobJieMaM MOXKHO “OIIYyTUThH” XOTsI ObI IO
OHOMY U3 MHOTOYMCJIEHHBIX (haKTOB: HAIIpUMEDP, B
5TOM “HOBOM” BPEMEHHOM II€pHUOJIE OOJIBIIOE KOIH-
YeCTBO MCCJIEAOBaHUIT M MyOJMKalMWil MOCBSILIEHO
U3YYEHUIO TIPOCTPAHCTBEHHBIX CTPYKTYp (Mmarrep-
HOB) U UX CMEHSIEMOCTH Ha MOBEPXHOCTU U B TOJIIE
HuccieayeMoro obbeMa TpaHyJIMPOBAHHOW Cpebl
MPU pa3IMYHBbIX ITMHAMUYECKUX YCITOBUSX, B T.U. TIPU
BUOPOBO3IEUCTBUSX [4—6], UTO SIBHO HE SIBJISICTCS
MPSIMBbIM “BBIXOJOM B IMPAKTUKY , a CKOPEEe COOTHO-
CUTCSI C TEOpUEN CAMOOPTAHMU3YIOIIUXCS CTPYKTYD.
B 3akitoueHue BBOJHOI 4acTU OTMETHMM, YTO 00O-
3HAUYCHHBIN BBIIIE BPEMEHHON pyOex “mpuodiie-
HHS” Tpo0aeMaTUKM I'paHyJIMPOBAaHHBIX cpell K PyH-
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JlaMEHTaIbHOI HayKe Tak>Ke OTMEUEH TeM, UYTO aBTOPU -
TeTHelmMit pu3mueckuii xypHan “Physical Review,
ser. E” B SsBHOM BUIe 0003HAYWIT U 3a(DUKCUPOBATT 3Ty
00J1acTh HAyKU B Ka4eCTBE MOCTOSTHHOIO CeLUaIbHO-
ro TEMaTUYECKOTO pa3/ieia CBOEr0 COAEPKaHus.

IIpenmer ucciaenqoBaHKWsI U OCHOBHAs 1ieidb HaH-
HOIT pabOTHI ONpeAcISNINCh OTHOW M3 OTIINIUTEITh-
HBIX U HATJISIIHO JAEMOHCTPUPYEMBIX OCOOSHHOCTEM
IPaHyJIMPOBAHHBIX/CBHIMYUYUX Cped: MNPUCYIIEHd UM
CITOCOOHOCTBIO MPOSIBIISITH CBOMCTBA pa3IMYHbBIX ar-
peraTHbIX COCTOSIHMM B pa3HbIX YCIOBUSX (TIpolec-
cax) ¥ MpHU pa3HbIX CIocobax U BEIUYMHAX MTOIBOIM -
Moii sHepruu [7]. Hamle BHUMaHMe ObLIO 00palleHO
Ha aHAJIOTUIO C TBEPAOTEIbHBIM arperaTHBIM COCTOSI-
HUEeM. DTa aHaJIOTUs TPAIUILIMOHHO OMpeAcseTCs
TeM, 4TO HachlllacMasi B HEKOTOPYIO €MKOCTh (MU
JTaXke HAa HEKOTOPYIO ILUIOCKOCTH 0€3 OOKOBEIX CTe-
HOK) TpaHYyJIMpOBaHHasi/ChIIydasl cpela “He pacTe-
KaeTcsl” TI0 BCeWl miolagu AHAa €MKOCTH (WM TIOo
BCEil IJIOCKOCTH), a (popMHUPYET OrpaHUYECHHYIO 10
IUIOIIAAY OCHOBAaHMS XapaKTepPHYIO O0ObEeMHO-JI0KA-
JIM30BaHHYIO U3BECTHYIO CTPYKTYpPY (KjIacTep) — KO-
HYCOOOpa3HyI0 TOpKY (XOJIM), KOTOpasli SIBJISIETCS
TPaAUILIMOHHBEIM OOBEKTOM 3KCIIEpPUMEHTAJIbHBIX U
TeopeTUYeCKUX rcciaemoBanuii [8, 9]. B nanHoi1 pa-
00Te paccMaTpUBaIOTCS ABE HOBbIE JOTTOJIHUTEIbHBIE
MIpO0JIEeMBI, €CTECTBEHHBIM 00pa30M pacIIMpPSIOIINe
¥ JIOIIOJHSIOIIME IIPEACTABICHUE O TBEPIOIIOI00-
HOM COCTOSIHUM OIIpelieJIeHHBIX CTPYKTYp, 00pa3o-
BaHHBIX T'PaHYJIMPOBAHHBIMU/CHIITYYUMH CpElIaMMU:
a) omnpeeieHre BO3MOXHOCTH 1 YCJIOBUI (DOpMUpOBa-
HUS APYyruX (OTIMYHBIX OT KOHYCOOOPa3HOM TOpKM)
KBa3UTBEPAOTEIbHBIX OOBEMHBIX TPAHYIUPOBAHHBIX
(CBIITyYnX) CTPYKTYp, 0) MccileqoBaHUE OYEBUIHOTO
¥ OCTaromerocss 6e3 MOJLKHOTO BHMMAHMS HE00XO-
JIMMOTO CBOMCTBa “TBEpPIOTEIILHOCTH” TpaHyJINpPO-
BaHHEBIX CTPYKTYp — MX CHOCOOHOCTH K IepeMelle-
HUIO “KakK IIeJIOT0” II0 OCHOBAaHUIO IIPU CO3MaHUU
COOTBETCTBYIOIINX YCIOBUM, HAIIPUMED, TIPU OTKJIO-
HEHUU OT TOPM3OHTAIM BUOPUPYIOLIEH TIOCKOCTH,
Ha KOTOPOM pacIioyioXXeHa paccMaTpuBaeMasi CTPYK-
Typa (Takoe Ke MOBeIeHNEe XapaKTePHO U Il pealib-
HOro TBepaoTeabHOro oopasia). Croga xe nobdaBiisi-
€TCsI HETPUBUAIBLHEIN BOIIPOC O MEXaHM3MaX BUOpO-
MepeMeIleHnsT Pa3]IMYHBIX KBa3UTBEPHAOTEIbHBIX
CTPYKTYp. B cBsI3U ¢ mocTaBIIeHHBIMU 3aadyaMu CJie-
JIIyeT MOAYEPKHYTh, YTO B OOJILIIMHCTBE MCCJIeIOBA-
HUI IO TPaHYyJIMPOBAHHBIM CpellaM JIPYTUX aBTOPOB
3aJa4y, aHAJIOTMYHBIC HAIIMM, HE MOIJIM OBITH IIO-
CTaBJICHBI B CUJTy OOBEKTUBHBIX IPUYMH, 2, UMEHHO,
9TU UCCIEeNOBaHUSI UMEIU A0 ¢ “Hen30JUpPOBaH-
HBIMK~ MO IUIOIIAAN CTPYKTypaMM B BUIE IIPOCTEii-
IIIETO CJIOS TPaHyJIMPOBAaHHOIO MaTepuaja, 3aHuMa-
IOIIIET0 BCIO TIOIIAAb THA 9KCIEPUMEHTAJIBHOTO CO-
cyna. Jlasa HarjIssgHOCTU Ha pUC. la mokaszaH 4acTo
VICTIOJIB3YEMBI 711 NCCIEOOBAaHMS 10 BUOPOBO3IEi-
CTBMIO OOBEKT B BUJIE CJIOS TPAaHYJIMPOBAHHOIO MaTe-
puana, a Ha puc. 16 — 0OBbEKT HAIIUX UCCIIeJOBaHUI
(B T.4., Mo BUOpOMNEPEMEIICHUIO), SIBISIOLIUKICS
IUIOCKUM, U30JIMPOBAHHBIM OT OOKOBBIX CTEHOK IEC-

YaHbIM KJIaCTCpOM, IIPOBCACHUNC DSKCIICPMMECHTOB C
KOTOPBIM MbI HC BCTPpEYAJIN HU pa3y.

B Hamreii paboTe CyIIeCTBEHHYIO POJb HMIPAIOT
BHUOPOBO3IEICTBUS HA TPpaHYJIMPOBAHHbBIE CTPYKTY-
PBI, YTO COEOUHSIET TEOPUIO COOCTBEHHO IPaHyJIUPO-
BaHHBIX Cpell C Teopuell BUOpalluy 1 BUOPOBO3IEii-
CTBUS Ha pasmuHblie cpensr [10, 11].

Ilepexons K onmcaHUIO MCCIEIOBaHMI, IIpeaCTa-
BUM COCTaBHBIC 3JIEMEHTHI IIPOBEICHHBIX IKCIIEPH-
MEHTOB (C HEKOTOPHIMU HOBBIMM IOIX0IAMU B METO-
IVKe UX IpoBeneHus). B KkauecTBe OCHOBHOIO 00b-
eKTa MCCISOOBAaHMU WCHOJIb30BAJICSI HPOCESTHHBINA
CYXOIi CTPOUTEJILHBIN MECOK C XapaKTEePHbIM JIUHET -
HBIM pa3MepOM YacTHUlI, He TTpeBhImaonnm 0.25 MM,
npuyeM 90% MecYnHOK UMEIIN pa3Mep, JeXallluii B
npenenax 0.1—0.2 mM. Bce akcriepiMeHTBI TIPOBOIN -
JINCHh C HEOOJBIINMM ITOPLIMSIMU IeCKa, ITOMeIeH-
HBIMUA Ha KBaIpaTHYIO IUICKCHUIJIACOBYIO ILIOIIANKY
co ctopoHoit 150 MM, KOoTOpast IBIIIaCh JTHOM TIJIEK-
CHUIJIAaCOBOTO cocyna (EMKOCTH) B BUIE Iapajuiesie-
nuiena. 3aMeTuM, YTO HaIWdne €MKOCTH, a KOH-
KpeTHee, ee OOKOBBIX CTEHOK, He SIBJISISICH IIPUHIIN-
MMAaJIbHO HEOOXOOMMBIM YCIIOBHEM UISI TaHHBIX
SKCHEPUMEHTOB, CO3MAaeT JIMIIb IOIIOJHUTEIHLHOE
yIOOCTBO, IPEMNSITCTBYSI OECKOHTPOJILHOMY ““pacHbl-
JICHWIO” TIeCKa MpU BUOPOBO3IECHCTBUIX. YKa3aHHas
IUICKCUTIIACOBasi eMKOCTD XKECTKO ITPUCOSANHSIIIACH
K ImoaBrkHOMY BuOpoctony mapku [TIBKY-1 (mepe-
HOCHO€ BHOpPOKaJIMOPOBOYHOE YCTPOICTBO). YCKO-
PEHUS 1 CMELIEHNSI BUOPOCTOJIA C JTaHHOI eMKOCTBIO
(HOpMaJIbHBIE K €T0 MOBEPXHOCTU) (PMKCUPOBAIMCH
3aKpeIUICHHBIM Ha BHOPOCTOJIE BUOPOMETPOM THUIIA
2511 oupwmer “bpros 1 Keep”.

Pa3paboTanHbIii HAMU W BIEPBBIC NPEACTaBICH-
HBIH B ITyOMKanuu [ 12] HOBBII METOOMYECKUI IO~
XOII K TIPOBEACHUIO WCCJECIOBAHUM 3aKiodayics B
TOM, YTO MaJIorabapuTHOCTb BUOPOCTEHIA U €ro He-
OOJIBIIION BeC, He MPEBBIIIABIINIA 3.5 KT, TTO3BOJISIA
MPOBOANTL BSKCHEPUMEHTBHI TIPU  KOHTPOJIUPYEMOM
yIepXaHUH1 BCel KOHCTPYKIVU B PyKax, OCYIIECTBIISISI
TpeOyeMble M3MEHEHUsI HAKJIOHA IIJIOCKOCTU CTOJA C
HaxomsIlelicss Ha HeM ITOpLUeil IecKa, 4To, B CBOIO
odepelb, TTO3BOJISIO C BHICOKOM UYBCTBUTEIBHOCTBIO
“ynaBimBaTh” HyXHBIe 3(deKkThl. Bce BhITeckazaH-
Hoe (KOHCTPYKLIMSI YCTAHOBKH, €€ ICHICTBUE B “PYyIHOM
pexxuMe”) IIpoIeMOHCTPMPOBAHO Ha pHC. 2.

CrnenyeT OTMETUTD, YTO U3yYEHUE MHOTOYHCIIEH-
HBIX pabOT O BUOGPOBO3IEMCTBUSM Ha CHIITy4YHe,/Tpa-
HYJIMPOBaHHBIE CPEeIbl ITOKA3aJI0 OTCYTCTBUE IIPEI-
IIIECTBEHHUKOB KaK MO CYyTU DKCIEPUMEHTOB, TaK U
10 METOAMKE UX IIpoBeneHus. Bo Bcex cyiiecTByio-
X padoTax MpeAcTaBiIeHBI Pe3yabTaThl JTUOO IO
MepeMeIeHNIO TPaHYJIMPOBAaHHOM Cpelbl B BUIE HE-
MIPEPBIBHOIO TE€YEHMsI, JIMOO MO CTPYKTYpPHO-IMHA-
MUYECKUM M3MEHEHUSIM (IBUKEHHUSIM) B cpelde, 1ie-
JIMKOM TIOKPBIBAIOIIEM JHO MCIOJIb3YyeMOM €MKOCTH
(KOHTeliHepa) CO 3HAYUTEIbHBIM BIMSTHUEM Ha IIPO-
LIECCHI OOKOBBIX CTEHOK.

Pa3paboTka m nmpruMeHeHNUe YIOMSHYTOM BEBIIIE
METOIMKM C MCIOJb30BaHMEM BHOPOCTEHIA, HaXO-
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Puc. 1. (a) — TpaguimoHHast It UCCIENOBaHUI cCCTeMa — CJIOW rpaHyJIMPOBAaHHOTO MaTepuaja B BAOPUPYIOIIEM COCYIIE;
(6) — HOBBIii OOBEKT JJISI UCCIIEAOBAaHMN I — IJIOCKHUIA KJIacTep, 00beMHO-JIOKAIM30BaHHAsSI, U30JIMPOBaHHAsI OT OOKOBBIX CTEHOK

rpaHyJIMpoBaHHasl (Chblllydyasi) CTPYKTypa.

JISIIIETocsl U yIep:KMBaeMoOro B pykax (CM. puc. 2) ¢
1IeJIbI0 OTNEPaTMBHOIO U3MEHEHUS €ro OpUEHTAlLIUU
BO BpeMsl BKCHEepUMEHTa IJisi “TIOMMKU” YCJIOBUM
(peX1MMOB) TIPOSIBIIEHUSI HY>KHBIX 3(P(hEeKTOB, IIpUBE-
JIO K HEOOXOAMMOCTH IMMOCTPOEHUS M aHaJIM3a MOAEIN
B3aMIMOCBSI3aHHOI CUICTEMBI “BUOPUPYIOIINIT OOBEKT
(2JIeKTpOIMHAMUYECKUIT BUOPOCTEH) — YASPKUBa-
1o1me pyku”. Pyku B 310l cucreMe obecrnieunBajiu ¢
TTOMOIIIBIO 0OPaTHOM CBSI3U CO CTOPOHBI LIEHTPAILHOM
HEPBHOM CHUCTEMBbI CTAOMIU3UPYIOIIYIO U KOPPEKTH-
pyoollyo GYHKIUM IO OTHOIICHHUIO K “oTmadye” u
“yBoay” Kopmyca pa®oTalollero B yOep>KMBAIOIINX
pykax BubpocteHaa. ITockoabKy 3Ta “poOOTOTEXHM-
yeckas 4acTb” HCCJeIOBaHUM HE COOTHOCUTCSI Ha-
MPSIMYIO C M3J1araeMbIM MaTepUajioM, 3[IeCh IIpUBe-
JIEHBI JIMIIb JaHHbIEe (pUC. 3) IO YACTOTHBIM 3aBUCHU-
MOCTSIM YCKOPEHMUSI U CMEIIEHUS MOJBUXKHOIO CTOJIa
BUOpOCTEHJa MpU €ro paboTe B IBYX pexumax: 1) B
CTaHAAPTHOM pEXMWME BEPTUKAIBHO CTOSIIEro Ha
JKECTKOM OCHOBaHHMM padoTaiollero BUOpOCTEHIA,
2) B pexxuMe paboThl BUOPOCTEHIA TIPU €ro yaepxka-
HUU B pyKax.

ITonydeHHBIE U TIpUBEACHHBIC HA PHUC. 3 3aBUCHU-
MOCTH JaBaJiv “OpUEHTHUPHI” B OTIPEACIICHUHN TTOIX0-
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ISIIUX 3HAYSHUI YCKOpPEeHUs @ U cMelleHus [ (uau
aMIUIATYOBI cMelleHusT A) BUOpOCTOJIa ISl TTOJIyde-
HUSI HY>KHBIX 9 (peKToB BUOPOBO3IEHCTBUSI.

IMpencraBiaeHne pe3yabTaTOB SKCIIEPUMEHTATb-
HBIX UCCJICIOBAaHU HaYHEM C HalIeHHBIX 0COOCH-
HOCTE TIepeaBIKCHHST ITO0 HAKJIOHHOM IIJIOCKOCTH
KBa3WIUIOCKOTO TIeCYaHOro KiacTepa (IrecyaHoi
“JIy>km”’) — OTrpaHMYEHHOTO IIO0 IUIOLIAAU CpPpaBHU-
TeJTEHO TOHKOTO (~1.5—2 MM TONIIIWHOI B IIEHTPaJTb-
HOI1 4aCTH) CJ10sI CyXOro Itecka (cMm. puc. 16). B otiu-
YHe OT KOHMYEeCKOi TOpKHU, KJTacTep STOro Buaa (He-
CMOTpSI Ha €ro CTPYKTYPHYIO ITPOCTOTY) BCTpeUYaeTCst
3HAYUTEILHO pexe. Ha puc. 4 mokaszaH ripuMep mo-
MOGHOTO KJ1acTepa IMIPUPOTHOTO TTPOUCXOXKICHUSI.

s mpoBeAeHHBIX 3KCHEPUMEHTOB TaKOM Kila-
cTep n3 1ecka opMUPOBAJICT HAMU Ha THE BUOpH-
pyIoIieit 1 OTKIIOHSIEMOM OT BEPTUKAJIM EMKOCTH (CM.
puc. 1, 5, 6), uyTo TpeOOBAIO OINpeAc/ICHHBIX YCUINIA,
MOCKOJIbKY TOTOBBIM KJIACTep TaKOIrO TUIA JOJKEH
OBITh CTPYKTYPHO YCTOMYMBBIM ITPY BUOPOBO3ICHCTBI -
sX (X0Ts ObI ¢ omlpeneleHHbIMU Mapamerpamu). Ha-
TTIOMHHMM, YTO NPU BO3ICHCTBUN BHOpAIIMM Ha CIOM
(B HaIlIEM ciIy4yae, Ha JIOKaJIU30BaHHbBI OTHOCUTEIb-
HO OOKOBBIX CTE€HOK CJIOI) IpaHyJIMPOBAHHOTO/ChI-
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Puc. 2. YaepxxuBaeMblii B pyKax BUOPOCTEH/I C TIPUKPETIJICHHOM €eMKOCTBIO U3 TUIEKCUIIIaca, Ha IHE KOTOPOU HaOIIoAaIUCh
BUOpOIIepeMelleHUs MIeCUaHbIX KIaCTePOB.
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Puc. 3. YacToTHble (B MHTEepBaJie 3KCIIEPUMEHTAIBHBIX YaCTOT) 3aBUCUMOCTH () — YcKopeHus a u (06) — cMelieHus / croia
BuOparopa. 3aBUCUMOCTH [ 1 ' IU1sI CTAHAAPTHOTO BEPTUKAIBHOTO ITOJIOXKEHMSI BUOpAaTOpa Ha CTAallMOHAPHOM OCHOBAaHMU, 3a-
BucuMocTH 2 u 2' iist BuGparopa B pykax. Homepamu 6e3 mTprxa v co ITPUXOM 0003HaYeHbI 3aBUCUMOCTH IJIST IBYX YPOBHE
MUTAOIIETO BUOPATOP HATIPSIKEHMS.

myyero marepuaja B oOlleM ciydyae TpOSIBISIOTCS 1) dapaneeBckuit MexaHU3M OOpa30BaHUSI KOHY-
nBa (akTopa, “paspyliatoiive” HUCXOAHYIO GopMy  CcooOOpa3HBIX XOJIMOB (FOPOK) Ha MOBEPXHOCTU BUO-
KBa3UILJIOCKOTO Kjacrepa: PUPYIOLLETO CI0sI TPaHyJIMPOBAHHOTO/ChHIITY4Yero Ma-
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Puc. 4. [IprMep rpaHy IMPOBaHHOTO KBa3UILIOCKOIO KJIacTepa MPUPOTHOTO MPOUCXOXKICHUSI.

Tepuana [13, 14], nmokasbIBalwIIMii, UTO JIOOBIE “3a-
TpaBOYHbIE” HEPOBHOCTHM Ha TIOBEPXHOCTU CJIOS
CTUMYJIMPYIOT mpoliecc oOpa3oBaHUs hapaaeeBCKUX
XOJIMOB. DTO oNpeaessiio mpouecc (hopMUPOBaHUS
KBa3UILJIOCKUX KJIaCTEPOB, COCTOSIBILIMI U3 aKKypaT-
HOTO PaBHOMEPHOTO PACChIMTaHMSI TecKa TOCTaTOYHO
TOHKMM CJIOEM Ha HEKOTOPOM OFpaHUYEHHOM y4acTKe
JIHA eMKOCTH C MOCJIeIYIOIIMM BbIpaBHUBAaHUEM ITO-
BEPXHOCTH IIECOYHOTO0 “IIITHA” MSTKOIT KUCTOYKOIA;

2) Tipu MpeBbIIIEHUN 0e3pa3MepHbIM BUOPOYCKO-
penuem I' = Aw?/g (A — aMIIUTyIa CMELIEHUS BUO-
PUpPYIONIETO C YCKOPEHUEM a BUOpOCTOaa, () — Kpy-
roBas 4acToTa BUOpAIlNM, g — YCKOpeHNEe CBOOOTHO-
ro mageHusI) eOAUHUYHOTO ITOPOTrOBOTO 3HAYEHUS
HayMHaeTCcsd Tpoiecc GIIOUIN3ALNA BUOPUPYIOIIE-
ro rpaHyJMPOBAHHOTO/CHIITy4YEero KacTepa, 4To TaK-

JKe paspylaetr (hopMy Kiractepa.

HawuGonpluii MHTEpeC IPEeACTaBISIIOT MHepeMe-
ILIEHUS KBAa3UTIJIOCKOTO KJacTepa 1o BUOpUpyolieMy
OCHOBaHUIO (IHY EMKOCTH) C HAUMEHBIIIUM BJIUSIHU-
€M yKa3aHHBIX IBYX “pa3pyliaroiux”’ 3TOT KJjacTep
dakropos. [ToaToMy 3KCIepuMeHTaIbHO (C MpUBIIE-
YeHUEeM TEOPETUIECKUX COOTHOIIICHUI1) OblIa Haitae-
Ha o0JlacTb 3HaYEeHU I MmapaMeTpoB A U f (CM. puc. 5,
3aTeMHeHHast 00J1acTh), 00ecTeunBalolIMX Hanboee
coXpaHsieMblil TI0 ¢opMe pexXuM BuOpoIrepeMelle-
HUS JAaHHOTO KJacTepa.

IMocne xapakTepUMCTUKU Pa3IUYHBIX OCOOEHHO-
cTeil, Kacaloluxcs XOTs M IMPOCTOro 1o dopme u
CTPOECHMIO, HO HOBOTO IJISI MCCJACAOBAaHMUSI KBa3UII-
JIOCKOTO KJIacTepa, MPeACTaBUM Pe3yJbTaThl 10 €ro
“CoCcOOHOCTH” K TMEepeIBMKEHUIO KakK 1IeJOTo IIo
HaKJIOHHO T1ocKocTu. ITpy 3TOM UHTEPECHO U T10-
JIE3HO “MpOBECTU Iapajiesib” MeEXIy IOoBeIcHUEM
BTOTO KJIacTepa Ha CTAallMOHAPHOM M BUOpUpYIOLIeit
HaKJIOHHO TJIOCKOCTH.

1. KBa3umiockuii, orpaHMYeHHBIN MO TUIOMIAIN
TMecyaHblii KJaacTep Ha HAKJIOHHOM CTallMOHApHOM
(6e3 BUOpanMu) MI0CKOCTH, YTOJl HAaKJIOHA KOTOPOii
MOCTEITEHHO YBEJIMYUBAETCS (CM. puc. 6).

AKYCTUYECKUM KYPHATT Tom 67 Ne2 2021

I1pu 0603HaYEHHBIX B 3TOM ITOApPA3eje YCIOBUSIX
SKCIEPUMEHT I10Ka3aJl, YTO MUKPOCTPYKTYPHEIE Xa-
PaKTepUCTUKNA OHA €MKOCTU M OTIESJIbHBIX T'pPaHyJI
HCIIOJIb3YEMOT0 ChIITy4ero MaTepuaa (Cyxoi Iecok)
o0ecreyrBaid JOCTaTOYHO CUJIbLHOE oOllee “cler-
JIeHre” OCHOBaHMs KJIacTepa M JHA eMKOCTH, TaK 4TO
U3MCHEHNE HaKJIOHA 3TOil CUCTEMBI B IOCTAaTOYHO
HIMPOKKX npezenax (ot 0 mo @y, ~ 42°) He BIUAIO HUA
Ha HavyaJIbHOE ITOJIOXKEHME KJlacTepa, H Ha ero op-
My (cM. puc. 6a). OnHaKO, KaK TOJIbKO yrojl HaKJIoHa
MPEBBILIAT 3HAYEHUE Py, TO MPOUCXOIUIO XOPOLIO
M3BECTHOE SIBJICHME, UMEHYEMOE JIaBUHOM, 00BaJioM
M T.I., KOTJa ITOBEPXHOCTHEIE CIOM KJIacTepa Che3-
XKalOT C HIZKHUX CJIOEB 1 00pa3yloT BIEpenIun XapaK-
TepHble “sa3bIKA” (cM. puc. 66). CiaemyeT o6paTUTh
BHUMaHUE, YTO B TAaHHON CUTyaLlMu YIoml @, ~ 42°,
IpU KOTOPOM IIPOUCXOIUT 00BasI (J1JaBMHA) YacCTH I1eC-
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Puc. 5. O6iacTh 3Ha4eHMIT ITapaMeTPOB, OOeCIIeYnBalO-
IMX BUOpoINepeMellleHre MJIOCKOro KjacTepa Mpu co-
XpaHEeHUU ero (PopMbl.
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Puc. 6. [ToBeneHne KBa3UIIOCKOTO KJIacTepa Ha HAKJIOHHO TIJIOCKOCTH 6e3 BUOpalnu: (a) — Ipu MOCTEIIEHHOM HaKJIOHE 110
KPUTHYECKOTO 3HAYCHUsI yIUIa (B JAHHOM Clly4ae @, = 42°) KJacTep He CABUTAIICS U HE U3MEHsUI CBOe (opMmBl, (6) — mpu
JIOCTIDKEHUH YTJIa HAKIIOHA @y BEPXHUI CJION KJ1acTepa JIJABUHOOOPA3HO CheXall C HUXKHETO CJIOsI, TPAHUYMBIIETO C TUIEKCUTIa-
COBOI1 TJTOCKOCTHIO OCHOBAHUSI.

Ka U3 cocTaBa JaHHOTO KJjlacTepa, 3aMEeTHO TTPEBOCX0-
IUT aHAJIOTUYHBINA TapaMeTp — yroj €CTeCTBEHHOIO
oTKoca (JJisl TlecKa, B 3aBUCMMOCTH OT €ro cocTaBa
(XadecTBa) OH JICKMWT B TIpeaeiax ot 25° go 30°), mpu
KOTOPOM ITPOMCXOIUT 00BaJl C HAKJIOHHOI MOBEPXHO-
CTY HACBHIITHOI KOHYCOOOpa3HOIT TOPKU MecKa.

2. KBasuIutockuii, orpaHM4YeHHBIN 110 ITUIOIIAIN
MeCcYaHbIil KJIacTep Ha HAKJIOHHOM TIOCKOCTH, IO~
BepKeHHOI BUbpanuu (puc. 7).

B ycnoBusx naHHOTO 3KCnepuMeHTa yaanoch 3a-
¢uKcHupoBaTh HE OTMEYaBIIMCS paHee 3(pheKT, KO-
rga B JOBOJBHO y3KOM 00JIaCTH ITapaMeTpoB BUOpa-
LMY B COOTBETCTBUM C HAliICHHOM M MPUBEICHHOMN
Ha puc. 5 paboueii 001acThIO (IO YaCTOTE BUOpAILIU
ot 16 mo 19 I'1, mo aMIIIUTYyIe BUOPAITMOHHBIX CMe-
IIeHU A cCOOTBEeTCTBEHHO OT 1.4 10 0.9 MM) Haxomns-
IIUICS Ha ITHE BUOPUPYIOIMIEH €MKOCTH IECOYHBIIA
KBa3uJIBYMEPHBIN KJacTep MpakTU4YecKu 0e3 u3Me-
HeHMs cBoeil (popMblI CBOOOIHO IlepeMelnaics (He
MCHBIThIBasE 3aMETHOTO TPEHUSI CKOJIbXEHUST) MO Ha-
KJIOHHOMY IHY, “9yTKO” pearupys Ha HU3MEHEHUS
opMeHTaluu HakJIoHa (puc. 7). Haubonee oTyeTinBO
3 dexT “cKOMbXKEHN’ TIeCYaHO CTPYKTYPHI IO Ha-
KJIIOHHOII BHMOPMPYIOIIE MOMIOXKE IIPOSBIISLICSI
MpU yIJIax HAaKJIOHA () B MHTepBasie oT 22° mo 27°.
B sToMm a3 dexTe, onpenensieMom BUOpanuMeii, mprMe-
YaTeJbHBIMU SIBJSIIOTCS COEJUHEHHbIE BMECTE IBa
¢akropa:

1) xopolmass KOHCOJIMAALMSA CTPYKTYpbl M3 OT-
JIeJIbHBIX HeaJAre3MPOBAHHBIX YACTHUIL CYXOro ITecKa,
nepBoHavanbHasg (opMa KOTOPOUM MPAaKTHUYECKU HE
MEHSIETCS B MpoliecCe ABMXKCHUSI 3TOU CTPYKTYPHI
Kak eIMHOTO LIeJIOTO;

2) 3HAYUTEIBHO MOHIXKEHHOE 3HadyeHue Ko3d-
duLIMeHTa TPeHUSI CKOJIbXEHUST MeXIy OCHOBaAaHUEM
BCEll IeCYaHOl CTPYKTYpPHI U BUOpPUpYIOLIEH IIOMd-
JIOXXKOM (B JAaHHOM cllyyae, BUOpUpPYIOLLIei MOmLIOoX-
Koii u3 rekcuriaca). [IposiBaeHue aTux AByx pakTo-
POB OTYETJIMBO (PUKCUPYIOT COMOCTaBUMBIEC Kaaphl,
MpencTaBiIeHHBIE Ha pyc. 6 1 7 (JUIST 95KOHOMHWHU MeCTa
Ha KaXJ0M U3 PUCYHKOB MpeACTaBIeHbI TOJIbKO /Ba
Kalipa, COOTBETCTBYWOIIME MPaKTUYECKU Hayaay u
3aBEpIICHUIO TIpollecca; B AEHCTBUTEIbHOCTHU IS
COMOCTAaBJIEHWSI UMEETCS 1ieJiasi Cepus TAKUX KaJapoB,
MOJYyYEeHHBIX 4Yepe3 0OoJiee KOPOTKHME BpPEMEHHBbIE
MPOMEXKYTKH).

Hnst oObsicHeHUs1 3Toro 3¢deKTa OTMETUM,
Mpexe BCero, YTo B MPUBOJIMMOM BhIlIE TTapaMeT-
pe, XxapakTepusylollleM JI000il Mpoliecc, CBsI3aH-
HBI ¢ BUOpalueii, — B 6e3pa3MepHOM YCKOPEHUU
I = Aw’cos(@)/g mobGaBaseTcss MHOXUTEIb B BUJIE
KOCHMHYCa yIJla HaKJIOHa () BUOpocToia U3-3a BUbpa-
LIMOHHOTO MepeMeIlIeHUs TTOII0XKKM B HallpaBlIeHUN
CBOEIi HOpMaJiu, KOTOpasi, B CBOIO O4Y€pe/lb, HAKJIOHE-
Ha K HalpaBJICHUIO BEPTUKAIU Ha yroJl @ (CM. puc. 8).
B nayunoit iuteparype napametp I Takske Ha3bIBaeT-
CSl UHTEHCUBHOCTBIO YCKOPEHUS.

HMcxonst 3 mpuBeAeHHBIX BhILIE 3HAYEHUIA 4aCTO-
ThI M aMIUIUTYIHBIX CMEILIeHU I BUOPALINU TTOIJIOXKKMU,
a TakXKe YIJIOB HAaKJIOHA, TIPU KOTOPBIX HaOIOmaics
ITaHHBIA 3P dEeKT, caeayeT, YTO OH peam3yeTcs IIpu
3HAYEHUSIX MHTEHCUBHOCTU [’ HE3HAYMTENIBHO TIpe-
BOCXOOAIIMX enuHUIlY. M3BecTHO (HampuMep, CM.
[15]), yTO aKTMBHO pa3BUBAaeMbI€ B MOCJIEIHUE TOIBI
WCCIIeIOBAaHUS 110 BIMSIHUIO BUOPOBO3ACHCTBUSI Ha
CTeIleHb YIJIOTHEeHMs (“ymakoBKu’) TpaHyl (4a-
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Puc. 7. CBoGomHbIe 6€3 3aMETHOTO TPEHMUSI TTePeIBUKEHUSI KBA3UIIJIOCKOTO KJlacTepa Mo HaKJIOHHOM BUOPUPYIOLIEH TI0CKO-
CTH 13 (a) — UICXOTHOTO IOJIOXKEeHMS B (0) — 11000€ KOHEUHOE TTOJIOKEHHME C MPAKTUIECKU ITOJTHBIM COXpaHeHUeM (POPMBbI KJla-
cTepa. YCIoBYS Ha TTapaMeTphbl BUOpAIIMY M Ha YTJIbl HAKJIOHA TTIOCKOCTH, TP KOTOPBIX PeaTn3yloTCs TIepeMelleHNs KJlacTe-

pa NpakTU4€CKn oe3 TPEHUA, OGCY}KI[a}OTCH B TEKCTE.

CTUII) B MacCHBe rpaHyJIUPOBaHHOM (ChIITyYeii) cpe-
bl TTOKA3bIBAIOT HAWJIYYIIMN pe3yIbTaT (IOCTHXKE-
HHEe MaKCHMMaJbHOTO 3(p@deKTa yInakKoBKH) MMEHHO
pY BUOPOBO3ACUCTBUY ¢ HEOOJBIIMMU (OT €IUHM-
1LIbI 10 IBOMKHW) 3HaYeHUsIMU I'. 3aMeTuM, 4TO TTOBBI-
II€eHWEe MTHTEHCUBHOCTU BMOpaliiu HA000POT pasyIi-
JIOTHSIET CBIMYYYlO Maccy, MPUBOJSI €€ B COCTOSIHUE
BUOpoOGIIIOUAN3ALM, BUOPOKUIIEHUST U T.M. Takum
00pa3oM, 0OCHOBOI HabOmogaemMoro 3 eKTa SIBISIeTCS
MakKCHMaJIbHOE YIJIOTHEHHME IIPUTOTOBJICHHOTO IIeC-
YaHOro KBa3MIIJIOCKOTO KJlacTepa ¢ “Hauyyinei”
YIIAaKOBKOU OTHEJIbHBIX IECYMHOK B HEM IIPU BbI-
OpaHHBIX YCJIOBUSIX BUOpoBo3aeiicTBus. Eciu B pam-
Kax oOIIeil TeOpUU I'PpaHYyJIMPOBAHHBIX Cpell CBSI3bI-
BaThb CTaTMYECKOE COCTOSIHME HACHIIIAHHOM MacChl
9TOI Cpeabl C TBEPIOTEIbHBIM arperaTHbIM COCTOSI-
HHEM, TO MOXHO CKa3aTb, YTO B HaIlleM 3KCIIEpH-
MEHTE BBIOpaHHBIN peXXUM BUOPOBO3ACHCTBHS ITO-
BBIIIAJI CTETIEHD “TBEPAOTEIbHOCTU UCCISIYyEMOM
KBa3UILJIOCKO CTPYKTYpPbI, YTO MPOSIBIISLIIOCH B €€
KOHCOJIMJAlIMU U HEU3MEHHOCTU (POPMbI MPU Te-
peMelneHUsIX. B ocHOBe BTOpOIi OTIMYMUTEIIHLHOI
ocobOeHHOCTU 3(PdeKTa — YMEHBIIEHUU TPEHMUS
CKOJIb>XXEHHMS IJIOCKOM MECOYHON CTPYKTYphl NpU
JIBUKEHHWU 10 HAKJIOHHO# BUOPUPYIOLISH TIOCKO-
CTU — JIEXKUT TOJBKO YTO OTMEYEHHasl JOIOJIHM-
TeJibHasA KOHCOJUAALUSA IUJIOCKOM TEeCOYHOM
CTPYKTYpPbI, KOTOpas Kak Obl MpeBpalliaeTcs 3a cYeT
9TOr0 B KBa3UTBEPAbIi1 MOHOJIMTHBIA AUCK (HAIIOIO-
Oue MeTautmieckoit MoHeThl). [1ocKoIbKyY B 11eJ10M
Bech 3¢ dexT HabmogaeTcsa MMpu 3HaueHUsaX I, He-
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CKOJIbKO MPEBHIIIAIOIINX SIMHUILY UMEHHO B IIPOSK-
I Ha OCh Z, TO B HEKOTOpHBIE KpaTKNe WHTEPBAJIbI
neprvoja BuUOpalMii IIocKasi KOHCOJIWAMPOBaHHAs
recyaHasi CTpyKTypa OyaeT OTCTaBaTh OT IMJIOCKOCTHU
OCHOBaHMUSI, ajasi BEpTUKAJIbHO BHU3 (CM. puc. 8), a
3HAYUT, TOCTENMEHHO CMEIIasCh BAOJb IJIOCKOCTU
OCHOBaHUS K ee “HMXHeMy” Kpato, mpuueM 3STOT
Mpolecc MepeMelleHus: 3a cUeT TMajJeHUsT B BO3IyXe
BOOOIIIE HE CBSI3aH C IefiICTBUEM TPEHUS CKOJIbXKEHUS
recka BIIOJIb TIOCKOCTH.

OOpaTuMcs Teleph K ellie ogHoOMYy, 0ojee “ecrte-
CTBEHHOMY” JIJIsl TPaHYJIMPOBAHHOM /CHITTyYeid cpebl
TBEPAOIOJO0OHOMY KJacTepy B BuUAE KOHYcooOOpas-
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Puc. 8. 'eomeTpust HAKJIIOHHO BUOPUPYIOLIEHT MOITIOXKN
(BuUGpoCTOJIA).

X
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Puc. 9. HacpimHast KoHycooGpa3Hasi ropKa Iecka ¢ OTMe-
YEHHBIM YTIJIOM €CTECTBEHHOTO OTKOCa 3.

HOIi TOpKHU, 00pa3yeMoii B IpoLiecce YMEePEeHHOTO 110
WHTEHCUBHOCTH HACHITIAaHUSI MaTepuasa 13 JIOKaIu-
30BaHHOI'O UCTOYHMKA CBepxy (cM. puc. 9). Kimactep
TaKOM CTPYKTYPbI IJIsl IPOBEACHUST SKCTIEPUMEHTOB C
BUOpoOIepeMellIeHUEM YKe ObLT IIPeACTaBICH B HaYa-
JIe CTaThH.

JaHHasi CTpyKTypa B CBOEM CTaTUYECKOM PaBHO-
BECHOM COCTOSIHUM XapaKTEpPU3YETCS YIJIOM €CTe-
CTBEHHOTO OTKOCa 3 — yrioMm Mmexmy oGpasyrolieit
OOKOBOI1 TTIOBEPXHOCTU U €€ MpOoeKIMeill Ha Ioc-
KocTb ocHOoBaHUs1. [Ipu MCKyCCTBEHHOM YBEJIUYEHU U
B JIOKQJIbLHOM MECTE yIJla HaKJIOHa OOKOBOIi TTOBEPX-
HOCTHU TaHHOI TOPKU B 3TOM MeCTE MPOU30UAET JIO-
KaJIbHBIM 00BaJI Mecka U 3Ha4YeHUE YIjla eCTECTBEH-
HOTO OTKOCAa MPaKTUYECKA BOCCTAHOBUTCS.

JJist mpoBeaeHUsT HAIIMX SKCIIEPUMEHTOB KJlacTep
MAHHOTO TWUIA B BUIE HACBHIITHON TOpKU (hOpMUPO-
BaJICsl €CTECTBEHHBIM 00pa30M: U3 JJOKAJTM30BaHHOTO
MCTOYHMKA CBEPXY IOBOJBHO “TOHKOM” CTpyeil Chi-
naJjicsl IECOK Ha THO eMKOCTH, 00pa3yst ropky. [Ipo-
1lecC OCTaHaBJIMBAJICS, KOrma ropka obuia copmu-
poBaHa, HO €e OCHOBaHUE MO IUIOLIAAU ObLIIO 3aMeT-
HO MEHbIIIe TIOIIAAN BCEro JHa eMKOCTH.

Ha nakiIoHHOM BHOpHMpYIOIIEM THE TUIEKCHUTIIa-
COBOI1 eMKOCTH, TIPUKPEIUICHHO# K BUOPOCTOITY, 3Ta
KOHYCcoo0Opa3Hasi Topka (KOHyCcoOOpa3HbIi KJ1acTep)
TepeMelanach ¢ OTHOCUTEIBHOM JIETKOCTHIO (B CMBIC-

[

JIe HEeCYIIIECTBEHHOTO BIMSTHUST CHJT TPEHUS MEXITY Ja-
CTUIIAMM TIecKa B OCHOBaHMM KJIacTepa M TTOBEPXHO-
CTBIO IUIEKCUIJIaca) M ¢ OBICTPHIM pearupoBaHUEM Ha
CMEHY yIIa HaKJI0HA cucTeMEbI (cM. puc. 10).

BcriomHuM, yTo mogoOHbI heHOMEH “erkoro”
nepeMelleHus] Py NeiicTBUM BUOpaLy HabIronaics
TaK>Xe JJIsl KBa3UIUJIOCKOTO KJlacTepa U ObLT OObSICHEH
HaMUM MUKPOMOACKOKAMU OT BUOPOIMOBEPXHOCTHU XO-
pOILIO VIUIOTHEHHOM BUOpalueil AOUCKOIIOI0OHON
MecyaHoM CTPYKTYPbl, aHAJIOTUYHOM TBEPAOTEIbLHO-
My o0Opa3slly TOil 3Ke TeoMeTpuu (HalpuMep, MeTal-
JIMYECKOi1 MOHETE).

OnHako, 3KCHEePUMEHThl IMOKa3aiud, 4YTO MeXa-
HM3M JIETKOT0 BUOpOIIepeMelIeHUSI KOHYyCOOOpa3HO-
r'0 KJIaCTE€pa COBCEM IPYTO, HEXKEIIU IS KBa3UILIIOC-
Koro kiacrtepa. JelicCTBUTENbHO, IIPUHUMAasi BO BHU-
MaHWE, YTO paclipeAe/ieHUue HanpsKeHU BHYTPU
TOPKU CHIMydel cpeabl sIBIseT cOo00i apOYHYyIo
CTPYKTYpy (CcM., Hampumep, [16]), 3akimoyaeM, 4TO
LIEHTpaJIbHAsl 4YacTh OCHOBaHMSI KOHYycCa IeCYaHOI
JIOKaJIM30BAaHHOM CTPYKTYpPbhl — 3TO 30HAa HU3KOIO
JIaBJICHUS, YTO, B CBOIO ouepelb, 00ecIieyrBaeT Ha-
JIMYMEe TaM Xe 30Hbl MEHee IJIOTHOro MaTepualia.
IIpu yBeanueHMU BUOPOYCKOPEHUS HUXKHUI CIION
KJactepa OyIeT MpeacTaBsiTh cO00ii BuOpod.onu-
3upoBanHyio [14] cpeny, yepe3 KOTOpPYIO MPOXOAUT
3HAYUTEIIBHBIN BO3AYIIHBINA MOTOK, 3aMETHO OCJIa0-
JISTIOIIUI CUJIbI CLIETUICHUST YaCTHUII TIeCKa ¢ TIEKCU-
rimacoMm. O1o HelTpanmusyeT 3(PpPEKT Cyxoro TpeHUs
pyU MepeMelIeHUsIX Kilactepa (3aMeTuM, 4TO IIpu
9TOM MOXET IPOSIBUTHCS BIMSIHUE BSI3KOTO TPEHUS
BOB3IYIIIHOI'O MOTOKA IOJ OCHOBaHUEM). JlaHHBIN Me-
XaHU3M TMEepeMelleHUsT KOHYCOOOpa3HOro Kiacrepa
HarmoMuHaeT 3 deKT “Bo3ayiiHoi noaymku”’. Takke
MOIXOASIICH aHaJoTue SIBJsieTCsT OeCTIPENsITCTBEH-
Hoe nBUxXKeHue (“OeraHue’) Kariu XKUIKOCTU 110 THY
(TouHee, Had OHOM) pacKaJleHHOIl CKOBOpOIbI 3a
CYET MapoOBOM MPOCJIOMKM MEXIY KaIlleid M packa-
JIEHHOI1 moBepxHOCThIO (3¢hdekT JlaitneHdppocTa).

OTMeJYeHHOe OBIDKCHHE BO3OYIIHOTO ITOTOKA
BHYTPH KOHYCOOOPAa3HOTO KJIacTepa ¢ y4eTOM eTo T1e-

Puc. 10. (a) — 'opka necka Ha BUOPUPYIOIIEM BEPTUKATbHO OCHOBAHWH C (PIIIOMAN3UPOBAHHO TOBEPXHOCTHIO. (0) — JIBIKE-
HMe I'OPKU 10 HAKJIOHHOI BUGpUpYIoLLeil moBepXHOCcTU. Ha Bpeske — cxeMa LIMPKYIMPYIOLLETo ABMXKEHMS OTAEIbHbIX YaCTHLL

¥ Bo3ayxa (CBET/IbIe CTPEJIKM).
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peMellIeHHs KaK 1IeJIOT0 ¢ IIEpEMEHHBIM YCKOPEHUEM
(3a cueT IIepeMeHHOIr0 YCKOPEeHUSI BUOPOOCHOBAHUS,
Ha KOTOPOM PacIIojiaraeTcs 1 110 KOTOpoOMY IIepeaBr-
raercs Kjacrep, cM. puc. 10) sgBisieTcss IpUYMHON
WHTEHCUBHOTO HUPKYJISIPHOTO ABUXEHUS TpaHyJ
(mMecYnHOK) BAOJIb 00pa3yIolInX 00KOBOI MOBEPXHO-
CTH TOPKU C “3ax010M” (BMECTE C BO3IYIIIHBIM ITOTO-
KOM) BO BHYTpPb ropku (cM. Bpe3Ky Ha puc. 10).
HMMeHHO STOT WHTEHCHBHBINM IIMPKYISILIMOHHBIN
mpouecc obOecnedyrBaeT COXpaHEHHE IeOMeTpude-
CKOI CTPYKTYphl KOHYCOOOpa3HOIi TOPKU Ha BUOPU-
pylolleM OCHOBaHUM (B T.4., IIPU €TO ABMKECHUM I10
HaKJIOHHOMY BUOpUpylollleMy OCHOBaHMIO). Pac-
CMOTPUM HUPKYJISIIUOHHBIM MOTOK MECYMHOK CHa-
pyXy M BHYTPU KJIacTepa IIPU €ro BepTUKaJIbHOM
BUOpalIMOHHOM ABMDKEHUM Kak 1ieiioro. Corrocra-
BUM 3TO PacCMOTPEHUE C CMHYCOUIAJIbHBIM CMeEIlIe-
HUEM I10 BEpTUKAaIU IJIOCKOCTU BMOpPOCTOJIAa, 0Opa-
Iasi BHUMaHUE Ha OCOOCHHOCTH B KaXIYIO YETBEPTh
rneproja OT HayaJbHOIO MOMEHTA JBUXXKEHMUS TLJI0C-
KOCTH BBepX. B mepBoii yeTBepTH ropka BMECTE C OC-
HOBaHUEM IBIKETCS BBEPX, U O0TEKaloIIe MOTOKHU
BO3yxa 3aCTaBJISTIOT YaCTUIIBI CKATBIBAThCS IO OOKO-
BOIi ITOBEPXHOCTU BHU3. Bo BTOpOIi YeTBEpTH ITepHO-
Jla U3-3a BBICOKOTO ycKopeHus (13 M/c?, mpu yacrore
21 I' m amIuIuTy e BuOpaumii 1.5 MM) ropka oTphIBa-
€TCsI OT BUOPOIUIMTHI U IO HEll co31aeTcsl 30Ha I10-
HIKEHHOTO JTaBJICHWS, “3acachIBaioniast” BO3OYyX WM
JacTULBI cpenbl. B TpeTheit yeTBepTH Ieproaa BUO-
POOCHOBaHNE BHOBB IIPUOJIMKACTCS K OCHOBAaHMIO
TOPKM CHU3Y, JABJICHUE pacTeT, BO3MYX M YaCTUIIBI
cpellbl, BCOOTBETCTBUU C pacnpeaeeHueM JaBaeHUs
[17, 18], BeITaIKMBaroTCAd BBepX. B uerBepTOii ueT-
BEPTHU, T10CJIE CTOJIKHOBEHUSI TOPKU C BUOPOOCHOBA-
HUEM, YacTUIIbl, HAXOMdIIUEeCsS Ha Kpasx KOHyca B
IIPUIIOBEPXHOCTHOM CJIOE€, Ybe paBHOBECHE OOecCIIe-
YMBAETCs, B TOM YMCJIE, U CUJIaMM CLICIUICHUS, CKa-
TBIBAIOTCS BHM3, YyBJIEKAacMble ITOTOKAMH BO3IyXa.
DTO O0BSICHSET, IOYEMY YaCTUIBI B BUOPUpYIOIIEi
rOpKe COBepIlIaloT BUXpeoOpa3Hble ABUKEHUS, TBU-
rasich 1o CKJIOHaM BHU3 U MOTHUMASICh BHYTPU TOp-
Ku. JJIT KOHMYECKOTO KjacTepa Ha BUOPUPYIOLIEM
OCHOBaHUM B pe3yJibTaTe TAKOTO MeXaHM3Ma o0ecIIe-
YMBaeTCsI CoXpaHeHue (OpMBI M MacChl KjacTepa
MPU WUHTEHCUBHOUN LIMPKYJSIMU YaCTUIL U BO3IyXa
BO3JIE KPaeB M BHYTPU CTPYKTYPHOTO 00pa30BaHMsI.

Takum ob6pa3zoM, pacCMOTpEeHHbIE B JaHHOMN pa-
60Te KJIacTephbl U3 OJTHOTO M TOTO XK€ IPaHyJIMPOBaH-
HOTo/Chlllydero Matepuana (Iiecka), MpeaHa3HauyeH-
HbIE JIJIsT IEMOHCTPALIM OOILETO CBOMCTBA 3TUX CPEIl —
BO3MOXXHOCTU MPOSBIISATh XapaKTEepHbIE MPU3HAKU
pPA3HBIX arperaTHBIX COCTOSHUIT (B TaHHOM cCilydae,
MPU3HAKU TBEPAOIIOJOOHOIO COCTOSIHMSI), — JO-
BOJILHO HEOXHWJIAHHO TMOKa3ajiud pa3jivyuve B MeXa-
HM3MaX TaKoro Ipollecca Kak BUOpoIiepeMelleHue,
YTO MMEET CAMOCTOSITEJIbHOE OOIIEHAyYHOe U MPHU-
KJIaJHOE 3HAaYCHUE.
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