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{(57) NpwcTpid gNA 38XUCTY NOOWHWA Bl HETaTUBHOIO
BANWBY BIASCTEPMIHAMNIE, SKWA  BKMKOUAE  Heil-
Tpaniaylouuiil enemeHT, SKWA BIAPIZHAETECA TUM, WO
OCT&HHIA BMKOHAHO, WOHARMEHLWE, 13 ABOX CNIBBICHO
POSMILEHWX OAMH B OJHOMY KOHLUEHTPWYHMX OpPOTO-
BUX CMIpaned 3 HAKPyUyBAHHAM BIA cebe 3a roguHHM-
KOBOK CTPINMKOK OAHAKOBOI BUCOTH, 3 BECh NPOCTIP ¥
cepeawHI cnipani HaRBINbWOoro JlaMeTpa 3anoBHeHo
pPEeYOBHHOK, Lo NONAPWIYETLCA

BuHaxig BIFHOGHTLCA A0 obnacT! 3axucTy Noau-
HW BlJ HEraTMBHOrC BNMWBY BWPOCIB EneKTPOHHOI
TexHIKd | MO¥e ByTU BUKOPUCTAHWA [N 3axXMCTY Mio-
Aed Bl HEraTUBHOMO BNNWBY NEepeMIHHOIC rpasiTa-
LIHHOrO Mons 3 NIBOK KPYTOBOK MNOMAPU3alIE, LWo
BHMHUKAE HABKOMO MPaLolYMX BIASOTEpMIHANIE, Te-
MeBI3opIB, HWOI NoGyToBOI Ta BUPOGHWUCI TEXHIKK
Yepes HeJoOCTaTHIC PO3BUHEHICTL TEORI NEPEMIHHOTO
rpPaBmaliAHOro nong, AeAKl ABTOPU HA3MBAKTL Ll
nonsg TOPCIOHHWMMH, CMIHOBAMM, MIKPOMNENTOHHUMM,
AKGMOHHUMK Ta H

Bigoma "nonecosa" akTWBHICTE MaTeplanbHUX TIN
MPUPOJHCTO | WTYYHOrO noxoaxeHHs Poaxoxa dopa-
3a "ycl TINa B NpuUpoAl BUNPOMIHICTL Be3niu nonis
pizHol npupogn’ Barato pasie nigTeepAXyBanacs
TEOPETUHHO W ercnepumeHTansHe (1)

3 MeTol nepesIpkn Uboro nonoxeHHA 6ye no-
CTABNEHWA EKCMEPUIMEHT Ha CMelianbHO CTBOPEHOMY
npuctpolkd OCHOBY NPUCTPOK NPeACTARNANE AeTanb
-Hanisenincoll obepTaHHsa 3 MaTepiany, Wo ekpaHye
po3MMaHyTe BUNPOMIHIOBAHHA MaTeplaneH Tina vy
BUMAAl WMATOUKIB MEeTany, TRaHTy, BOCKY, KYMKA
MICKY, @Myl 3 BOAOK, MICTUITUCA ¥ DOKYCI BKpaHHo-
ro Hanigenmncolga obepTaHHA, | B IHWOMY ¢okyCl
UbOro HaniBenincolja BICNOKALIOHHO BU3Ha4anacH
HasBHICTE Nonst B ycix BUNagkax y 3oHI fpyroro c¢o-
Kyca mMano MiGUe none | Neol, | NpaBol Kpyroeol no-
nApw3aull, Wo MNATEESPAUNO NONOXEHHA, BACTIOBMNEH
B | BepHagcekum 1| mgTeepaxen | | WadparHosck-
KM (2) Npo PIBHOBEPOTIAHICTS BUNPOMIHIOBAHHA NPU-
pPOAHUMU MaTeplanaMi BUNPOMIHKOBEHE AK NIBOI, TAK |
Npaeol Kpyrosol nonapusayll Akwo X y Gorycl ex-
paHHQOro Haneenincolga obepTaHHA MICTUNACA raika
YW [BUHT 13 WTYYHC HAPI3AHWM FBUHTOBUM PISbONeH-

HAM, TO B FPpYyroMmy ¢oOKyCl 30Ha OfHIEl NonApKaall
nepebnwlyBana 3a obCAroM Ta IHTEHCWBHICT) eHep-
reTUKM 30Hy IHWOI nondapusalll JdadHwd dhakT nodAc-
HOKTE WTYYHOK AedopMaliels MaTeplany rBUHTa |
HanNpPAMKOM TBMHTOBOI HAPI3KM TakK, FBMHTH 3 PO3No-
BCIOA¥EHWM PISLBNEHHAM Mo FOfMHHWKOBIA CTRINUI
MAKOTE NOMe NepeBaXHorc NIBoobepTOBOro Hanpsam-
ky EkcnepumenT nigTBepAKye NOMNOXEHHA NPo pIB-
HICTE BUMNPOMIHIOBaHL MPaBol | MBOI KPYToBOl Nons-
pvsaunl  MaTeplanbHUMKM  TUIAMW  MPUPOJHOMC
NOXQOAXEHHS | NepeBaXHe BUMPOMIHICBAHHA TIEI YW
IHWOI NOnApU3aLIl NPY WTYYHIA obpobyl MaTepianie
LA obpobka moxe GyTWM TOKAPCLKOW HAPIZKOW, wWni-
(YBAHHAM, HAKATKOW I T |

Came TOMy, WO TOKAPCEK | opesepHl BepcTaTi
M3KTE NepeBaXHUi Hanpamok obepTaHHsa, cepis
METANEBUX LWNIHAPIB, BKNAAEHWX OAWMH B APYTWA,
Habyna 34aTHOCTI NEPEBaXHOrD BUMPOMIHICBAHHA
npasoobepToROI KPYTOBOI NOMNSpW3alll, Ha BIAMIHY
Bl MBooBepTOBO! KPYroBOI NONApW3alll, BRAacTUBOI
eneKTpoHHOo-NpoMeHeeld  Tpybyl  BifgeoTepMIiHana
BHacrigok Tokapckkol 06pobku yuniHApIB | noniMep-
HWA MaTepian, aKIA 3anoOBHICE NPOCTIP MK LWTIHAPA-
MW NPW 33aTBEepPAIHHI, NprabaB Taky * 343THICTb BW-
NPOMIHIOBATH NpaBoobepToOBY KPYrOBY NOMSPU3OBaHY
XBUIMHO

Bigomo, Wwo nepeMiHHe rpaBmayiide none, Bd-
NPOMIHIOBAHE MOBEPXHEID 3EMII | TEXHIMHUMU oB'er-
Tamy, TAKMMK, AK MacWBHI AETAnl PIZHWX ABWIyHIB,
TYpOIH, EenekTpoHHO-NpoMeHesl TpyDrW BIfEOTepMI-
Hane | Teneei3opiB, Ha BionordHl ob'ekTH AIKKTE TaK,
A1K | FTeONATOrEHHI 30HH

Y 3B'A3ky 3 UMM, AK npototvn Moxe 6yt o6pa-
HWA NPWCTRIA ANA 3aXMCTy NCAWHW BIL HErATWBHOIC
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BMNMMBY BigeoTepMiHane (3), Wo npegcTasnsae coboro
HEWUTPAMI3YIOHWA enemMeHT ¥ BHUIMASl, WOHAAMEHLWE,
AIBOX COOCHO PO3MILLEHWX OJWUH B APYrOMY KOHLEHT-
PUYHUX UMMIHAPIE OfJHAKOBOI BMCOTH, MPUYOMY MeH-
LKA L4UNIHAP HEATPAMI3YIYOro eneMeHTa 3 Alamer-
pom, 6iNLWWM NONOBUHK WOMo BMCATH, & NPOCTIP MK
UMMNIHAPaMK 3aN0BHEHO NOMIMEPOM

OpHak, HeOGXIJHICTE CKIAZHOI | TOYHOI MEXAHIY-
HOI 0Bpobrn MeTaneBuWX UUMIHAPIB HERATPANIAYIOUOro
enemMeHTa | 3aCTOCYBaHHS TIMBEKW crneulankLHoro nomi-
MEPHOIC MaTeplany SK HanoBHIBaYa HeWTpanisyto-
Yora enemeHTa, CTRUMYE LUIMPAKS NOWWPEHHA MeTo-
AB  Tak HeoDXgHOro 38xucTy  Tenemsagadie |
kopucTyeauis EOM

B ocHoBy BUHaxofRy, WO 33sBNASTECH, NOCTAB-
neHa 3afa-a CTBOPEHHA MNPUCTPOI ANA 3aXUCTY Mio-
AWHW BIA HEraTUBHArO BNMWBY BISATERPMIHANIB LWNA-
XOM  BWAO3MIHN  HEATRANI3yIuyore enemeHTa |
NoniMepHOro HANOBHEHHA HEATPaNI3YIOYOro enemeH-
Ta, Wo 3abesneuye CNpPOWEHHA TeXHOMNOr BWroTOB-
FeHHS NPUCTPOKS | HOMO JOCTYNY WHPOKOMY KOMY KO-
pucTyeauie EOM |1 Tenermapayie

MocTaenera 3agada AOCATaeTECH 3a PaxyHoK To-
ro, Wo B NPUCTPOI AN 38XUCTY NMIOJWHA B HEraTvB-
HOrO BMNWBY BIAESCTEPMIHANIB, O BKMOUAE HERTpa-
MISYKOUUA  eneMeHT, 3M4HO BWHAXOAY, OCTaHHIWA
BMKOHaHWIA, WOHalMEHLWe 3 ABOX COOGHQ Pa3Mile-
HUX OAWMH B APYroOMY KOHUEHTPHYHWX APOTOBWX CI-
paren 13 HakpyToM BiA cebe No reAHHKUKCBIA CTRINYI
OAHAaKOBOI BUCCTW, 8 BeCh NPOCTIP ycepeArH criupani
HaRbINblWoro AlamMeTpa 3anoBHEHO PEYHOBUHOK, SKa
NonApH3yeTLCA

KoxHa cnipank HEWTpaniaylouoro enemexTa
CTBORIOE CBOE MepemiHHe rpaBmaynre none [lpw
LUbOMY NONA BIA YCIX cripaned IHTepdepyoTs | 1X 419
MACUNIETECA Y NPOCTOpPI BCepeauHl cnupan Hanbi-
NeWOro AlaMeTpa PO3MILLYETECH PEYOBHHA, Lo No-
nspnsyeTbea $K pevosuHa, WO NOMAPH3YETLCA rpa-
BITAUIMHUM NONEM, MOXE BUCTYNATH PO3IYMH NINCY,
po3nnas DOXONMWHOrC BOCKY, KaHIONb, NOMIMEPHI
CKMAA0BI, AKX HeRTpanbHl A0 I3IONOMNYHUX NPOSABIB
NoAckKOro opraHismy CepefoBulle, ke NONSPU3y-
ETbCA HEWTPanIaytouuM eneMeHToM, MIABULLYE NOTIK
KBaHTIB CNPAMOBAHOMO NepeMIHHOrQ rpasiraldifiHoro
norns | MACKIIE HEATPAN3YOYY S0 BCLOTO MPH-
CTPOIO, WO B OCTATOYHOMY MILCYMKY MPUBOAUTE AO
MAKCUManEHO!  HeWTpamisayl WHKENUBOro MIBOro
{(NpoTW roAWMHHWKOBOI CTRINKW) NEepeMIHHOro rpasiTa-
LIWHAro NonA sigecTepMiHana

BuHaxig NOSCHIOETECS INMKCTRATMBHUMK METEpI-
anamu

Ha dir 1 ascbpaxeHwid NPWCTPIA ANA 3axXUCTY
NIOAWHKW BI4 HEraTMBHOIMC BNMWBY BIAEOTEPMIHANIE -
BumAa 360Ky

Ha dir 2 npegcraeneda CTRYKTyRA rpasimayiiHo-
ro NepemMIiHHere nong (y pexumi CTOAYWX XBWUIb) BIA-
ecTepmMIiHana, 3apescTPOBAHOID 3a AONOMOTOK nepe-
TEOPKOBaYa OPUIHAMNLHOI KOHCTRYKLI, B OCHOBY SIKOI
NoKNageHa BNacTUBICTE APIBHOAMCNSpCHOrO cepeao-
BULIA CTRPYKTYPYBATUCA MA BAMWBOM SHEPreTUKW
CTOAYMX XBUINb NERPEMIHHOIO rpasImayiiHoro nong

Ha dir 3 nokasaHa CTPYKTypa nepemiHHOro rpa-
BTALIAHOrO Nons BlA4eOTepMIHANG, 33PeecTPOBAHOMo
npW BNMAKWBI HA Le NMone NPUCTROEM, L0 3aABMAETRCS,
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AKMA POSTALIOBYETLCA N BIASOTEPMIHANOM | CBOSKD
BICCIO CNPAMOBEHOIC MEPNEHANKYNAPHO OCI eNeKTPpo-
HHO-NPOMEHEBOI TPYEKM

MpUcTpIA ANA 3aXUCTY MICAWHW BIA HEraTMBHOMC
BNNVBY BIAEOTEPMIHANIE CKNAAAETECA 3 HeWTpanIsy-
KOYOrQ eneMeHTa, BWKOHAHOMO LoHaiweHWwe 3 ABOX
COOCHO PO3MILLEHNX OWH B ARYTOMY KOHLUEHTRPUYHKX
ApcToBMX chnipanen 1 3 HakpyTom BI4 cebe no rogvH-
HWKOBIA CTPINLI OAH2KOROI BUCOTW, A BeCk MPOCTIP
ycepeWHI cnvpany Haibinbworo glamMmeTpa 3anosHe-
HO pPEeYOBMHOID, AKE NONAPW3YETESA 2

SanponoHoBaHWA NPUCTPIA Npayle TaKUM Yd-
HOM COQCHO PO3MILLEH OAWH B APYIOMY KCHLUEHTRH-
YHI fpOTORI cnipani 1 3 HakpyTom BiA cebe no roAuH-
HWKOBIA GTPINYl ORHAKOBOI BWGOTW [EHEPYHTH
nepeMIHHe rpaBiTallfiHe None B HANPSIMKY OCI GUMET-
pi OpHakosa BucoTa cnipaned obpaHa 3 NOHATTA
TEeXHOMNOrNYHOCTI BAroToBNeHHs Beco npocTmip ycepe-
OWHI cnipany HaRBINBLIOMO JIaMeTpa 3anoBHIETHCS
PEYCBUHON, LG KPUCTAMIZYETHCA Ta NONAPWAYETHCA
2 Takol pedOBHHOK € PO3YUH MNGCY, PO3NMNaB BOGKY,
posnnas kaHidon Ta IH PeuyosuHa, AKka nonApWsy-
€TbCH 2, NpPU 3aTBepPAIHHI 3400YBae CTRYKTYPY, 3paT-
Hy HaNpPaB/ATW KBAHTW NEPEMIHHOMo rpasirayliHore
nonsa no ocl cuMeTpll OpIEHTALIA HAKPYTY cnipanen
[O3BOMAE OfepXyBaTW none BIANOBIGHOI KPYTOBOI
nonspusaull, Ake & NPOTUNEXHUM NERSMIHHOMY rpa-
BITaLWHOMY NOMIO KPYrosol nonApusayl, Wwe sunpo-
MIHIOE BIZEOTERMIHAN

BunpoBysaHHA  3aNpONOHOBAHOIC  MPUCTPOID
NPOBOASTE HA PeankHO AIKUOMY eKpPaH! KoNbOpoBOro
Tenesisopa Hap ropU3oHTaNeHO POITALLOBAHWM K-
paHOM PO3MIWLYIOTE NepeTBoploBaq Al NepPeMIHHOro
rpaBITayiiHOro Nony B CTRYKTYRY AWCNEPCHOrO mare-
plany Ha dur 2 sobpaxeHa peanbHa KapTUHA cUne-
BUX NIHIA BUNPOMIHKOBAHOMC NONSA, OTPUMaHa 3a fo-
NOMOrOK: NEPETBORPKOBaYa YGCTAHOBNIKTE NPUCTPRIA
nepeg ekpaHoM TENesI3opa, NPU LUBOMY BICE CUMETPII
CNPAMOBYIOTE MEPNEHANKYIAPHO OCI AOI0 enekTpo-
HHO-NpomeHesol TpyOkn [poBoAATH NOBTOPHY pe-
€CTpaLlo NepemiHHOro rpagmaliiHero nona (dir 32)

MpU NOPIBHAHHI CTPYKTYPW MOMNSI A0 YCTAHOBKW
NPUCTPOI, WO 3aABMNAETECA, NPEAcTaBneHol Ha dir
2| CTPYKTYPW NONSA NICNA YCTEHOBKK NPUCTPOI - oir
3, BUGHO, WO CTRYKTYRA NONA 3pyWHOBaHa, ocnabne-
Ha | NOMITHOIC BIINUBY Ha MIOACEKUA OpraHIsm 3pobu-
TH He MoXe

PesyneTat BUnpobyBaHHA NPUCTPOKD FNA 3aXu-
CTY NMIOAWHW BIA HEFETWBHOIC BMMMWBY BIREQTERMIHA-
MB NOKa3yKTb 3HaAYHE OCcnabneHHa NaToreHHoro ne-
PEMIHHOTO rpaBITaLIAHOMo NONSA, AKe BUMPOMIHIOETECA
eKkpaHaMmy BIFEOTePMIHAMNIB | TENERIZOPIB

Dxepena HopMall, NPUAHATI Ao yBary npu
ercnepTusl

1 Bepnagckvid B W Paswblwnenns HaTypanu-
cta [pOCTPaHCTBC W BPEMA B HEMWBOW W AVBOW
npupone - M Hayka, 1875-173 ¢

2 WadpaHosckuin U 1 CummeTpus B npupoge -
N Heppa, 1985 -167 ¢

3 Narent 18009 LA, MMK' H 01 J 29/06 Mpu-
CTPIA ANS 3aXWCTY IMOAWHW Bl HEraTWBHOIO BIIUBY
BijecTepMiHanes fMasnedko AP, baxiwes I H, Op-
noe |1, Ne 96103783, 3aasn 021096, Cnyb
311097, BEwon Ne 5- 5 ¢ [poroTun
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