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B nmanHoil paboTe paccMOTpEeHBI Kaluld HEMaTHWKa CIUIFOCHYTOM (OpMBI, KarcCyaupOBaHHbBIE B
HOJIMMEpe, 3aJarolleM KOHWYECKHe TpaHW4YHbIe YyCIOBHs. PacdeTsl MO MeToay pacidpeHHOro
3J1aCTUYECKOr0 KOHTMHyymMa DpaHka IMOKa3ajlu BO3MOXHOCTh OOpa30BaHUS psifia Pa3IUUHbBIX
CTPYKTYp B TaKuUX Kaljisix @IpU BapbUpPOBaHUM pa3Mepa Kamelb. OJKCIepUMEHTaJIbHbIe
UCCIIEIOBAaHHSI METOJIOM TOJISIPU3AMOHHON ONTHYECKOH MUKPOCKOIIMH 00pa3lioB KOMIIO3UTHBIX
IUIEHOK TOATBEPKIAIOT Pe3yIbTaThl pacueToOB, IEMOHCTPUPYs 00pa30BaHUE B paCCMATPUBAEMOM
CHUCTEME CJIEYIOIUX OPUEHTAIMOHHBIX CTPYKTYp: paauan-OUNONSPHOH CTPYKTYpBl C
3aKpy4YEHHBIM ITe(PEKTOM-EKOM U ABYMS THIEPOOTHMUESCKUMHU OY/HKyMaMH, aKCHaI-OUTIOIsIpHOM
CTPYKTYPBI C KOJIbLIEBOW AMCKIMHAIMENH M JBYMs paguadbHBIMU Oy/DKyMamMH U CTPYKTYPHI C
NeQEeKTOM-€KOM, TUMEPOOTHMYECKUM  OyIKYyMOM M paJualbHbIM  OymkymoMm. Takoe
pa3HOOOpa3e BO3MOXHBIX TOTOJOTHM Kareidb OOYCJIOBICHO CIIOXKHBIM OallaHCOM MEXIY
SHEPrusIMU YIPYroCTH TOJS JAUPEKTOpa, IUCKIMHAIMK W CIEIJIEHUS C MOBEPXHOCTHIO,

obecreYeHHBIM KOHHYECKIMU TpaHUYHBIMUA YCIIOBUSMMU.

PACS: 61.30.Pq, 61.30.Dk, 61.30.Eb, 61.30.Hn, 61.30.Jf

KoMno3uTHbIN KUAKOKPUCTATUIMYECKUNA MaTepUal MOXET MPEeACTaBIsATh OO0 aHcamOIIb
kamenb ckuakoro kpuctamia (OKK), okpykeHHBIX H30TpomHOM cpemoit [1-6]. Onrtuueckue
CBOICTBA TAKUX MATEPHUAJTIOB ONPEICISAIOTCSA, B IEPBYIO OYEPEAb, OPUEHTALIMOHHON CTPYKTYPOH,
dopmupyromieiics B kamiax KK, KOTOpoit MOKHO JIETKO YIPaBIATh BHEIIHUMHU BO3/IEHCTBUSMHU.
Hanpumep, BO31€MCTBHE JIIEKTPUYECKOTO IMOJS MPUBOJUT K HM3MEHEHUIO OPUEHTALMOHHOMN

cTpykTyphl B Kamuisix JKK, 4To cka3pIiBaeTcsi HA ONTUYECKUX CBOMCTBaX BCero marepuana [7-9].



Koundurypamuio nupekropa B KalIgX MOXHO Takxke MoauduuupoBath cBetom [10],
u3MeHeHueM temneparypsl [11, 12], moTtokom [13] wim cocTaBOM >KHUIKOCTH, OKpYXKarolen
karmum KK [14, 15].

OpueHTanmoHHas CTPYKTypa Kareib 3aBHUCUT oT cBoicTB KK martepmana (KOHCTaHTBI
YIPYrOCTH), TeOMETpUH Karu (fpopma, pa3mep), TpPaHUUHBIX YCIIOBUM (OpHUEHTAIMs TUPEKTOpa
Ha MeX(a3HOH TpaHuIle, OHHEPrus CIEMJICHHUS), MPHIOKEHHOTO 3JIEKTPUYECKOT0 WIH
MarHuTHOTO moutst [9]. Ha cerogusmiamii AeHh XOPOIIIO U3yYeHbl KaluTh HeMaTHKa cheprudecKkon
U 3JUIATICOMIATIbHON (POPMBI C TAHT€HLHUAIBHBIMU U TOMEOTPOIHBIMU IPAaHUYHBIMU YCIOBUSMHU.
Tak, mpy TaHreHIIMAJHLHOM CIEIUICHUH B Kaluiax MoryT chopmupoBathcsi OumomsipHas [16],
3akpyueHHas ounonspHas [ 17], ToponnansHast [ 18] cTpykTypsl. IIpu roMeoTpONHBIX TPaHUYHBIX
YCIIOBHAX B KaIUISIX peanu3yercs panuanbHas [16] wnu akcuanbHas koHpurypauuu [19]. Menee
M3YYEHBI KalllIi ¢ KOHNYECKUMH TPAaHUYHBIMHU YCIIOBUSIMHU, B KOTOPBIX TUPEKTOP OPUEHTUPOBAH
MO/ YIJIOM K HOpMaJId K MOBepXHOCTH Karu 0°<00<90°. Tak, B kamisax cepuueckoir Hopmsl,
JUCTIEPTUPOBAHHBIX B KHJIKOH MaTpulle, MOXET CQOPMHPOBATHCS CTPYKTypa C JBYMS
paauanbHBIME Oy/DKyMaMHM M KOJBLEBBIM Je(EeKTOM, a B OMNpEAEICHHOM HHTEpBaJe YIJIOB
HaKJIOHa JaupekTopa 0o MOXKET peaau30BaThCsl CTPYKTypa C TMapod  paaualibHbIi-
runepooauYeckuii Oy/KyMbl W TodeuHbli nedext B oOwbeme [11]. Konuueckwme ycrioBus
CLEIUICHUS MOTYT c(hOpMHUPOBATHCS, HAIPUMED, KaK MPOMEKYTOUHbBIE MEKTy TOMEOTPOITHBIMU U
TaHI'€HLIIMAJIBHBIMUA B PE3yJIbTaTe BHEIIHETO BO3ACHCTBU Ha okpyxkatomryro kamio KK cpeny
[15, 20-22]. Ilpu 3TOM NPOUCXOIUT IIJIABHOE W3MEHEHHE OPUEHTALMOHHOW CTPYKTYphl OT
pamuanbHO 1o OunossipHoW. TpaHcopmaiusi CTPYKTYpbl CONPOBOXKAAETCS HM3MEHEHUEM
ONTUYECKUX CBOMCTB Kamellb, 3a CUET Yero TaKUe CHUCTEeMbl MOTYT OBbITh HCIOJb30BaHbI,
Hanpumep, I CO3AaHus BBICOKOUYBCTBUTEIIBHBIX CEHCOPOB [23, 24].

B nannoit pabote u3y4yaercs CTPYKTypa >KUIKOKPUCTAIUIMYECKUX Kamellb ¢ KOHUYECKUMHU
TPAaHUYHBIMU YCIIOBUSAMH, UMEIOIUX (OpPMY CIUTIOCHYTOTO SJUIMIICOMAA BpamieHus. Takas
reoMeTpusi Karejab HaumOojee paclpocTpaHeHa B IJIEHKAX KallCyJMPOBAHHOTO IOJIUMEPOM
x)uakoro kpuctamia (KIDKK), naromux Hambosee mmpokrne BOZMOKHOCTH JIJIS MTPAKTHYECKOTO
npuMeHeHns koMno3uTHeIX JKK-marepuanos. Ctpykrypa JKK-kanens nccnenoBaiack METOJaMu
KOMIIBIOTEPHOI'0 MOJIETTUPOBAHUS U MOJISPU3ALMOHHON ONTHYECKON MUKPOCKOIIUH.

YucneHHOE MOJEIMPOBAHUE MPOBOAUIIOCH B PaMKaX TEOPUHU AJIACTUYECKOT0 KOHTHHYyMa
®paHKa, yYUTHIBAIOIIECH YSHEPTUIO UCKAXKEHUS TIOJISI AUPEKTOPA, FHEpTHto B3anmoaeictus KK ¢
MOBEPXHOCTHIO U HEPTHUI0 AUCKIUHAIMHU [25]. OnTuMU3aIms nojist TMpeKkTopa MpoBOIUIACH 110
Meroay oTxkura Mounte Kapio ¢ kpurepuem Metpononuca. Yuet sHepruu B3aumoeictaus KK

C TpaHMIIeH Karum ObUT aJanTUPOBAH Ha cIy4yail KOHMUECKUX TPAaHUYHBIX YCIOBHIM:
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re N — mojie AupeKTopa B karuie, Ki1, K2» 1 K33 — KOHCTaHTBI YIIPYTrOCTH MOMEPEYHOT0 U3rnoa,
Kpy4eHUs U IPOAOIbHOrO U3ruda, W — sHeprust clerjieHus B pacyeTe Ha eAUHUILY TUIoImanu, 0 —
yroll MEXIy AUPEKTOPOM U HOPMaIbIO K MOBEPXHOCTH, 0o — MpEArnoYnTaeMblii yroi HakJIOHa
nupekTopa. B pacderax ObUIO HCIOJIB30BAaHO COOTHOIIEHHE 3HadeHUU Ki1:K22:K33=1:0.5:1.3,
cooTBeTcTBYIOIIee HeMaTuKy SIIb [26], 3HaueHne TUMHEMHON MJIOTHOCTH YHEPTUM TUCKIUHALIMN
feore = 10K11 [25]. Hdns ymoOcTBa HHMKE HMCHOJB3yeTcs Oe3pa3MEpHBIM XapaKTepUCTUUYECKHUMA
napameTtp WR/Ki1, tne R = f/RnyRZ — NPUBEJICHHBIN paauyc KarM, Rx, Ry u R, — nonyocu
IITUIICOUIA KAIUIH.

JIJist SKCTIepUMEHTANBHBIX HCCIEI0BAHUN OPHUEHTAIMOHHBIX CTPYKTYp Karelh HeMaTHKa ¢
KOHUYECKUMH TPAaHUYHBIMH  YCIOBUSIMH  HW3TOTaBIMBAJINCh IUIGHKH KallCyJMPOBAHHOTO
MOJIMMEPOM JKHUJKOTO KpPUCTaJIa Ha OCHOBE IMojuMepa noanu3o0yTmn metakpuiata (IlubMA)
(Sigma) u Hemartuyeckoir cmecu JIH-396 (Bemopycckuii TocyqapCTBEHHBIN TEXHOJIOTUYECKUN
yauBepcuTeT) [27]. OOpa3iibl KOMIIO3UTHBIX TUICHOK M3TOTABIMBAIUCH IO TEXHOIOTHH (Ha30BOTO
pazaenenuss TIPS [9] c¢ BecoBbiM cooTHomeHuem kommoHeHT JIH-396 : [TubMA = 60 : 40.
BcenenctBue ocobGeHHoCcTel (Pa3oBOrO paszzielieHusi B MPOIECCe M3TOTOBJICHHMS] KOMITO3UTHOM
mieHkn kammm KK mpuoOpertaror (opMy CIUTIOCHYTOTO JJUIAIICOMJA C KOPOTKOW OCBIO,
NEPIEHIUKYIAPHON IJIOCKOCTU IUIEHKH [9, 28]. Buaumselii quamerp Kamenb B IUIOCKOCTU
obpasua d nHaxommics B auamnasoHe 8 —40 mxwm. MccienoBaHus MPOBOIMIUCH C MOMOIIBIO
MOJISIPU3AIMOHHOTO ONTHYeCcKoro Mukpockorna Axio Imager.Alm (Carl Zeiss) ipu Temrepatype
t=25°C. Ha rpanuine Kamid Yrojl MEXKIY AUPEKTOPOM M HOPMabI0 K TMOBEPXHOCTH
B0 = 40° £ 4°.

Pe3ynbTarhl YMCIEHHOTO MOIETUPOBAHUS U SKCIIEPUMEHTAIbHBIC JAHHBIE TTOKA3aJIH, YTO B
KaIIsiX, AMEIOIMUX (OPMY CIUTFOCHYTOTO AJLTUTICOUJA, TPU KOHHMUYECKUX TPAHUYHBIX YCIOBHSIX
MOTYT Cc(OpPMHUPOBATHCSI HECKOJIBKO OPHEHTALMOHHBIX CTPYKTYpP, XapaKTepU3YIOIIUXCS
pa3IMYHbIMM KOMOWHAIMSAMU W B3aUMHBIM DPACIOJIOKEHHEM TOBEPXHOCTHBIX M OOBEMHBIX
TOTIOJIOTUYECKUX JIE(PEKTOB CTPYKTYPHI.

Kak wu3BectHo, B cdepuyeckux [29] u cIUIOCHYTHIX [25] Kamisix ¢ TOMEOTPOIHBIMU
rpaHUYHBIMUA  ycinoBUsMU (0o =0°) mpu JOCTATOYHO BBICOKOM JHEPrHMM CIEIUICHUs C
MOBEPXHOCTHIO HAOMIOZAETCS paauajibHAs CTPYKTypa C TOUYEUHBIM JIE(PEKTOM-EKOM B IIEHTpPE
KaIyIi. B CIUTIOCHYTBHIX KaIjisix ¢ yriaoM KoHycHocTH 0o = 40°, mpu yCIOBUU TOCTATOYHOMN CHJIBI

CUEIUICEHUs Ha TpaHUIle, MOXET HaONI0aThCs 3aKpydeHHas paauan-OMIoJspHas CTPYKTypa



(tRB) ¢ ToueuynsiM AehEKTOM B IEHTPE KaIlId U JABYMs THHEPOOTHMYECKUMHU OymKyMaMmH,
Pacros0KEHHBIMHM Ha KOPOTKOM ocu ammuncona (Puc. 1). 3akpyTka CTpyKTypbl IpU HEHYJIEBOM
yrie KOHYCHOCTHM TO3BOJISIET U30exaThb (OPMHUPOBAHUS HAa  IMOBEPXHOCTH  KaIlIH
JOTIOJTHUTEIBHOTO JIMHEWHOTO JedeKTa, KOTOPHI B YCIOBHUSX CHJIBHOTO TMOBEPXHOCTHOIO
CUEIUICHUS CTAaHOBHUTCS HHEPreTHYECKH HEBHITOACH. BcneacTBue cUMMETpHUM, ONTHYECKHE
TEKCTYpbI, Ha0JII0JaeMble B MOJISPU3AIMOHHOM ONTHYECKOM MHUKPOCKOIE, HE U3MEHSIOTCS MPH

OBOpPOTE 00pasiia OTHOCUTENBHO noJisipu3aTopoB (Puc. 1 c-e).

Pucynoxk 1. 3akpyueHHas paauiay-OMIONISIpHAs CTPYKTypa C TOYEYHBIM Je()EKTOM-€KOM B
[EHTPE KaIUId U IBYMs TUIIEpOOIMUECKUMH Oy KyMamu Ha rmoBepxHocTH (tRB). Paccunrannsie
KOH(HUTypaluyu TUPEKTOpa B IUIOCKOCTH, MPOXOAIICH depe3 LEHTP MEepHeHIUKYISIPHO (a) U
BIOJb (b) KOPOTKOW OCH CIUTIOCHYTOTO »iumriconga. Pacuer mpoBommics mis WR/Ki1 = 500.
®ortorpaduu COOTBETCTBYIOIICH KaIljll HEMaTHKa ¢ TOYEUHBIM JAe(QEKTOM B LIEHTPE, CAETaHHbIE
B TEOMETPUM C BBIKJIIOYEHHBIM aHAIM3aTOPOM U CKPEIICHHBIX MOJISIpU3aToOpax Ajis YIJIOB
MOBOpOTa 00pasiia OTHOCUTENBHO nossipusaropa 0° (c), 45° (d) u 90° (e). Pasmep karum d = 24
MKM. 371eCb W Jajee I0JI€ JUPEKTOpa pacKpalleHO B COOTBETCTBMM C HAIpPABIECHUEM IO
OTHOIIICHUIO K OcsiM: KpacHBIM — Ox, 3eneHsiii — Oy, cuaunii — Oz, ToueuHble e()EeKThl B 00beMe
(exxw) 0003HAYEHBI CHUHUMH KpyramM, a Ha TMOBEpXHOCTH (OYKyMbl) — TIONYKPYTaMH,

HaIpaBJIeHUs MOJISIPU3ATOPOB 0003HAYECHBI IBOMHBIMU CTPEIIKAMHU.



CTpykTypbl € Tapod paauabHBIX OY/HDKYMOB M KOJIBIIEBOM JHCKJIMHAIMEH Ha
MOBEPXHOCTH, IJIOCKOCTb KOTOPOH MPOXOJUT dYepe3 ILEeHTP Kamk (akchai-OunoJsipHbIe
CTPYKTYpHI), 00pa3yroTcsi IpU MEHBIINX 3HaueHUsx Oe3pazmepHoro mapamerpa WR/Kii. Ilpu
3TOoM Haubonee CTaOWIBHBIMU OKAa3bIBAIOTCS J[BA BapuaHTa OPUEHTAIMU  KOJBIEBOM
JTUCKIIMHAIIMK Ha TIOBEPXHOCTH: IUCKIWHAIMSA JISKUT Ha dkBatope kKarmu (Puc. 2) (ABo) u
NepIeHINKYIIsIpHa IMI0CcKocTH dkBaropa Kamm (Puc. 3) (ABe). B ciayuae crpykrypsr ABo
OoumosisipHas och OnM3Kka K KOpoTkod ocu smmuncouaa (Puc.2 b). Bcenenctsue storo,
ONTUYECKHWE TEKCTYpbl KaIuld TMPAaKTUYECKH HE M3MEHSI0TCS INpU TMOBOpPOTE obOpasia
OTHOcHUTENbHO moJisipuzatopoB (Puc.2 c-e). Bo Bropom cnyuae (ABgo) Oumonspras ock
COBIajaeT ¢ JUIMHHOU ockio Karu (Puc. 3 b). [losTroMy onTHueckue TEKCTYphl BECbMa CHIBHO

3aBHUCAT OT OPHEHTAIMH OUITOJIIPHON OCH CTPYKTYPBI OTHOCUTENBHO noMsipu3atopoB (Puc. 3 c-e)

(c) (d) (e)

Pucynok 2. Akcuan-OumnosispHasi CTPyKTypa AJisi CiIydasl, KOI/Ia MOBEPXHOCTHAsl KOJIbIEBas

TUCKITMHAIMS JIKUT Ha dkBatope karum (ABo). Paccuntanubie koHUTypanum aupekTopa B
TUTOCKOCTH, TMPOXOJAIIEH uepe3 MEeHTP MNEepPHeHAMKYISIPHO (a) W BIOJIb (b) KOPOTKOH ocu
CIUTIOCHYTOTO 3Jutuniconna. Pacuer npoBoawmiics mist WR/Ki11 = 250. 3neck u panee JMHEHHBIC
JTUCKIIMHAIIMK 0003HAYEeHBI TOJICTOM KpacHoW juHuel. doTorpaduu COOTBETCTBYIOIICH Karuin
HEMaTuKa, CACIAHHBIC B TCOMCTPUMU C BbBIKIIIOYCHHBIM dHAJIM3aTOPOM U CKPCHICHHBIX
MOJIIPU3aTOpaXx JJisl YIJIOB MOBOPOTa 00pa3iia OTHOCHTENBHO mossipuzaropa 0° (c), 45° (d) u 90°

(e). Pazmep karum d = 12 MKM.
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Pucynok 3. Axcuan-OumnosnsipHas CTPYKTypa AJisi Cllydasi, KOTrJa TOBEPXHOCTHAs KOJIbIIEBAs

TUCKJIMHAIMS  JIOKHUT TEPHeHIUKYISIPHO IUIOCKOCTH dKkBaropa (ABeo). PaccumTtannbie
KOH(HUTypaluu TUPEKTOpa B TUIOCKOCTH, MPOXOJIICH depe3 IEHTP MEepHeHIUKYISIPHO (a) |
BIIOJIb (b) KOPOTKOH OCH CIUTIOCHYTOrO ’yuturicouga. Pacuer mpoBomuics mist WR/Ki1 = 250.
<I)0T0rpa(bm/1 COOTBCTCTByIOH.[Cﬁ Karii HECMAaTUuKa, CACIIAHHBIC B I'COMCTPHUU C BBIKIIFOYCHHBIM
AHAJIN3aTOPOM M CKPCHICHHBLIX TIOJIIpU3aTOopax g Cliydasd, Korjaa 61/IHOJ'ISIpHa$I OCh
OPHUEHTHPOBAHA TMapaUIeIbHO (¢), Mo yriaoMm 45° (d) u 90° (e) x HampaBIEHUIO MOJSPU3ATOPA.

Pasmep xarmu d = 12 MkM.

[Tpu Gosiee BEICOKHMX 3HAYCHHSIX Oe3pazMepHoro napamerpa WR/Ki1 HabmonaoTes Ba BUAA
ctpykryp. IlepBas crpykrypa (sRB), moka3zannas Ha Puc. 4, umeeT paguaidbHBI H
rUNepOOTNYecKril OYyIKyMbl, PacHOJOKEHHBIE B JUAMETPAIbHO IMPOTHUBOIOJIOKHBIX TOYKaX
9KBATOPHAIILHOTO CEUYEHUS KaIlUlM, U OOBEMHBIM TOUCUHBIH NE(EKT, pacHoIOKEHHBIH BOIM3H

TUIEPOOTUIECKOro OyHKyMa.
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Pucynok 4. Ctpykrypa ¢ TUIEpOOTUYECKIM U paJHaIbHBIM OYyIKyMaMH, a TaKKE TOUYCYHBIM
nedpexktom B oObeme (SRB). Paccuumtannbie KoH(Urypanmuu IUpPEKTOpa B IIJIOCKOCTH,
MPOXOJSIICH 4Yepe3 LEHTP MEPHeHAUKYIIPHO (a) ¥ BAOIb (b) KOPOTKON OCH CIUTFOCHYTOTO
amuncouna. Pacyer npoBonuncs mist WR/K11 = 300. ®oTtorpaduu kKariam HeMaTHKa HMEIOIIEro
CTPYKTYpPY C paguaJbHbIM OYIKyMOM M Tapy «OObEeMHBIA TOYEUHBIH JaedeKT —
rUNepOoOTuYecKUil Oy/KyM», CIellaHHble B T€OMETPUU C BBIKIIOYEHHBIM aHAU3aTOpPOM H
CKpEIIEHHBIX MOJspu3aTopax, s ciydas, KOrjaa IpoeKlus OUIOJSPHON OCH OpHEeHTHpPOBaHA
napayuiensHo (c), mon yriom 45° (d, e) u 90° (f) x HampaBieHHIO ToNsipu3aTopa. MUKPOCKOIT
choxycupoBaH Ha 00beMHOM Je(eKTe (e), Ha BHEUIHUX TpaHUIAaX Karum — (¢, d, f). Pazmep

kar d = 20 MKM.

Bropast ctpykrypa (SAB), ummeromas 1aBa paauaibHBIX OymKymMa H TMOBEPXHOCTHYIO
KOJIBIICBYIO JAHCKJIMHAINIO, CYIIECTBEHHO CMEIIEHHYIO B CTOPOHY OJHOTO M3 OYIKyMOB,
nokazaHa Ha Pwuc.5. Takas cTpykrypa cTaOMIM3UpyeTcs 3a CYET YMEHBIICHUS JJIMHBI
MOBEPXHOCTHOM  JTUCKIMHALIMM, KOMIIEHCHPYIOIIETO JOIMOJHUTENbHOE HMCKaXEHHE O
mupekTopa. B 00omx chmydyasx BCIEICTBUE OPUEHTAIIMM OWIIOISIPHOM OCH CTPYKTYpHI B
mockocty KITKK muieHku onTudeckue TEKCTYpbl Karellb 3aMETHO MU3MEHSIOTCSI TIPU MOBOPOTE

oOpasia oTHOCUTEIBHO mossipu3aTopoB (Puc. 4 c-e u Puc. 5 c-e).
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Pucynok 5. Crtpykrypa ¢ IOByMsl paaualdbHbIMU OyIKyMaMd M CMEIIEHHBIM KOJbLIEBBIM

nedextoM (SAB). Paccuntannbie KOHGUTYypalMu TUPEKTOpa B IIOCKOCTH, MPOXOASIIEH depes
LEHTp NEePHEHAUKYISPHO (a) U BAONb (b) KOPOTKOH OCH CIUIIOCHYTOTO 3Juidiiconpa. Pacuer
npoBoauics aisa WR/Ki1 = 300. @otorpadguu Karam HemMaTHKa, UMEIOIIETO CTPYKTYPY ¢ ABYMS
OyZ’)KyMaMu M CMELIEHHBIM KOJBLIEBBIM 1€()EeKTOM, CAETAHHbIE B T€OMETPUHU C BBIKIIOYEHHBIM
aHATM3aTOPOM M B CKpEIIEHHBIX MOJsApU3aTopax, Ul ciydas, Korja OHWMOoJspHas och
OpPUEHTHPOBaHa MapauIeNbHO (¢), mof yriaoMm 45° (d) n 90° (e) k HampaBJIEHUIO TOJSPU3ATOPA.

Pazmep kammm d = 23 Mxm.

YroObl MOHATH MPUUYUHBI 00PA30BaHUS TAKOTO OOJBIIOTO KOJIMYECTBA Pa3IMYHBIX CTPYKTYP
B HCCJIEyeMbIX 00paslax, Mbl POAHAIU3UPOBATIN COOTHOIICHUS Pa3IMYHBIX BKJIAJ0B SHEPTUH
JUIsL BCEX TOJYyYEHHBIX BapHUaHTOB CTPYKTYphl Kamenb. Ha Puc. 6 mokasanbl BKJIaabl SHEPIUU
CUEIUICHHUS, TUCKIMHAIIMM U TpeX BUIOB yIPYyrou aeopmaiuu B MOJHYIO CBOOOTHYIO IHEPTHIO
CHCTEMBI Ul TIPUBEIEHHBIX BhIIe KOH(urypaumi kamenb npu WR/K11=300 (Bce sHepruu
npuBeleHbl B 0Oe3pa3MepHOM BHIE, Fiotal — TIOJNHAs DSHEPIUs CUCTEMBI, Fsg — Ccymma
MOBEPXHOCTHOM DHHEPIMM U HHEPrUM TOBEPXHOCTHBIX AWCKIMHAIMH, Fe — dSHeprus
anacTuyeckux nedopmanuid, Fsplay — SHEPTUS MOMEPEYHOro U3rnoda, Fiwist — JHEPTHsl KPYUESHHUS,
Foend — oHEpTUs ipoonsHOTO M3rnba). Kak BunHo u3 Puc. 6a, cocrosiaus ABo, sSAB, tRB u sRB
UMEIOT TPAKTUYECKH OJUHAKOBYIO CBOOOAHYIO DOHEpruro Fiowm, a cocrosHue ABoo

HE3HAYUTENIbHO BBIIIE MO SHEpruu. Takum oOpazoMm, B 00pasliax MOXKET pealn30BbIBATHCS



mo0oe u3 3TuX cocrossHui ipu WR/K11=300. I3MeHeHne CUITbI CIIETUICHUSI C TIOBEPXHOCTHIO MITH
pa3Mmepa Kariig MpHuBeIeT K M3MEHEHUIO 3HaueHHsi cooTHomeHus: WR/Ki1, uro cuenaer Ooiee
BBITOJHBIM JIMIIIb HEKOTOPHIE CTPYKTYpBI, TOCKOJIBKY TpH 3TOM Fs¢ OyAeT H3MEHSThCS
nponopimoHabHO WR/K11, B TO BpeMsl Kak U3MeHEHUs Fel OyIyT HE3HAUYNTEILHBIMU M HOCHUTH
JUIIL XapakTep JOKaIbHOW moacTpoiiku. Hampumep, mpu ymeHbIneHHUH BenuuuHbl WR/Kii
HaunOoJiee BBITOJHBIMH MOTYT OKa3aThCsl akcHan-OumnomnsipHbie KoHpurypaunu ABo u ABoo. U,
HA000pOT, Tpu OoJbIIUX 3HaueHUsX WR/Ki1 Hanbosee BBITOAHBIMH OKaXYTCS KOH(PHUTypaIiu
tRB u sRB. B skcnepumenTe 3TO 03HAYaeT, 4TO BEPOATHOCTH (OPMHUPOBAHMS TOW WM WHOM
KOH(HUTypamuu 3aBUCHT OT pa3Mmepa kamenb. Tak, B uccrnenyembix KIDKK muienkax B karusix
pasmMepoM MeHee 15 MKM BCTpEYalOTCS KalUIM, HMEIOIIUE TOJIBKO aKCHaJI-OUIOJIspHas
CTPYKTYpy. B kamuisax Gosblero pasmepa, HIOMUMO BBICOKOCUMMETPUYHOM aKCHal-OUTIOSPHOM
CTPYKTYPBI HaOIIOaeTCsl KOH(MUTYpaIUsI CO CMEIICHHON KOJIBIIEBON NTUCKIMHAIINEH, Y KOTOPOM
CTEINEeHb CMEIEHUs TeM OoJIbIie, YeM OoJbIle pa3mep Karmd. B kamsax pazmepom 6oiee 20 MKM
HAOIIOTAIOTCSL CTPYKTYPHI C TOUYCYHBIMU JIe(peKTaMu B 00beMe KarlIu.

JIONOJTHUTENBHBIM ~ (DaKTOPOM,  OINPENENISIONIMM  CTaOMIBHOCTD  CTPYKTYp, SIBJISETCS
COOTHOIIEHUE KOHCTaHT ympyroctu (Puc. 6b). Tak, cTpykTrypa ¢ aByMs THUNEpOOIUIECKUMHU
Oy/KymaMu M TOYeUHBIM AedekToM B 1ieHTpe Kammu (tRB) Oyner npeobnanate B HeMaTUKax ¢
oompmmM K1 (splay-medopmanusi), B TO BpeMs KakK CTPYKTypa CO CMEIICHHBIM OOBEMHBIM

ToueuHbIM Aedekrom (SRB) Oyzner Oosee BrIroOHA B HEMAaTHKaX ¢ MalbIM K11.
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PucyHnok 6. bespa3zmepHnast cBoOoiHas SHEPTUs CUCTEMBI (Fiotal) JUTS Pa3TUYHBIX KOH(QUTYpaIHii
W BKJIQJIBl DHEPTUN B3aUMOJICHCTBHUS C MOBEPXHOCTHIO U MOBEPXHOCTHBIX JUCKIUHAIUN (Fsd) U
ynpyrux nedopmaruii (Fe) mus 0o =40°, WR/K11=300 (a). be3pa3zmepHas sHeprus ynpyrux
nedopManuil pa3uyHbIX CTPYKTYp (Fe) U BkiIansl splay (Fsplay), twist (Fiwist) 1 bend (Fbend)

nedhopmartuii (b).



Takum o0pa3oM, B JaHHOW paboTe MPOBEAECHBI TEOPETUUYECKHE U SKCIIEPUMEHTAIbHBIE
UCCIIEIOBaHMs Kamellb HeMaTHKa ¢ KOHMYECKUMH T'PaHMYHBIMU YCJIOBUSMH, UMEIOIIUX (HOpMy
CIUTIOCHYTOro ayuncouja. IlokazaHo, 4YTO HCIOJIIB30BaHME MPOCTOIO IOBEPXHOCTHOIO
NoTeHLMaN a Buja PanHy ¢ KOHUYECKUMH YCIIOBUSIMU CIIETUIEHUSI B pacyeTax MoJjsl AUpPEeKTopa
OPUBOJUT K CYIIECTBEHHOMY pPa3HOOOPa3HI0 BO3MOXKHBIX CTPYKTYp B paccMaTpuUBaeMbIX
Karuisix. [Ipu yrie HakjioHa AUPEKTOpa K HopMaiu oBepXHOCTH Op = 40° B CILTIOCHYTBIX Karlisx
dopmupyeTcst paa KOHPHUTypaluid, pa3indaromuxcs TUIOM TOIMOJIOTUYECKUX Je()EeKTOB M HX
B3aMMHBIM pAaCIOJOKEHUEM. AHaIM3 BKJIAJ0B 3JaCTHMUECKONM M TOBEPXHOCTHOW JHEPrUil B
pa3IMYHBIX THUIMAX CTPYKTYPbl IOKa3al, YTO MPH COOTHOIIEHWH DSHEPTUU CIEIJICHUS C
MOBEPXHOCTHIO, Painyca Karuik U KOHCTaHTHI ynpyroctd WR/K11=300 ucciemyembie CTPYKTYpPBI
CTaHOBSITCS MPAKTUUYECKN SKBUBAJICHTHBIMU 110 CBOOOIHOM 3Heprun. Kak ciencTBue, BO3MOKHO
OJTHOBpEMEHHOE (OpPMHUPOBAHHE TaKUX CTPYKTYp B OJHOM o0Opasle, 4YTO MOATBEPXKKIEHO
SKCIIEPUMEHTAILHBIMH HA0II0ICHUSMHU.

OOHapyxeHa paHee HE HAOMIOMABIIASACS CTPYKTypa C JBYMS THIEPOOTHMYECKUMHU
OymKymMaMu M OOBEMHBIM TOuYeUHBIM AedekToM. CTaOMIBHOCTh CTPYKTYphl M OTCYTCTBHE
JUHEWHBIX J1e()eKTOB Ha MOBEPXHOCTHU JOCTHTaeTcs IyTeM BO3HHUKHOBEHHS jaedopMaliiu
Kpy4deHus B o0beme. CTpyKTypa C BBICOKOCUMMETPUYHOMN aKCHAI-OUTIONISIPHON KOH(UTYypaIuen
panee HaOmoganmace B KIDKK mmenkax m smynscusix [11, 27, 30, 31]. HuskocummeTpuaHas
CTPYKTYpa C paJuaJbHbIM Oy/DKYMOM, THIIEPOOINYECKUM OYIKYMOM M CMEIIEHHBIM TOYEUHBIM
neeKToM, a TaK XK€ CTPYKTypa ¢ Hmapoil paaualbHbIX OyIKYMOB M CMELICHHBIM KOJIbLIEBBIM
neekToM paHee HaOJIOAANNCh B DMYJBCHUSX Kallellb HEMaThKa B IPOLIECCe H3MEHEHHS
TPAaHUYHBIX YCIOBHH OT HOPMAaJbHBIX K TaHT€HIMAIbHBIM W oOpatHo [11, 15, 20]. B atom
cyyae W3MEHEHHE TIOJIOKEHUS OOBEeMHOr0 TOYEHHOTro Je(eKTa WM KOJIBIIEBOTO JAcdeKTa
OOBSICHAJIOCH M3MEHEHHEM YIjla HakJIOHa JHpPEKTOopa MO OTHOUIEHHWI0O K HOpMald Ha
MOBEPXHOCTH Karuid. Pe3ynbTaThl Hallero HCCIEJOBAHUS TIOKa3bIBAIOT OoJiee CIOXKHYIO
3aBHUCHUMOCTbh TIOJIO)KEHUSI Je(PEKTOB U CHUMMETPUU CTPYKTYphl OT CBOMCTB Marepuaia,
BKJIIOUYAIOLTUX B ce0sl pa3Mep Kallil, BETUYMHY HEPIHH CLEIJICHUS] U COOTHOIIEHUE KOHCTAHT
yIpyrocTd HemaTuka. IlodydeHHbIe pe3yibTaThl MOTYT OBITh MCIIOJB30BAHBI ISl Pa3pabOTKU U
pa3BuTHS (YHKLIMOHAJIBHBIX MAaTEPUANIOB M YCTPOICTB Ha OCHOBE KaleJbHBIX JUCIEPCUI

HEMAaTHKa, HalpUMEpP, CEHCOPHBIX.

Pa6ora Beimonnena npu noanep:xkke PODU u [IpasurensctBa KpacHosipckoro kpas (rpaHt
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