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Memoito yici pobomu € upiuleHHs NUMAHHA eEKMUBHO2O 0OMENCEHH CMPYMI8
KOpOMKO20 3aMUKAHHS Ma NepesaHmadCeHHs 6paxosyiouu GiONOSIOHUM YUHOM
HAABHICMb 0COONUBUX YMO8 eKCHIyamayii KOMymayitiHo2o 3aXucHo20 0ONAOHAaHHA, a
came — HAOIUWKOBOI 8iOpayii ma Hazpigy.

YV pezynomami meopemuunux ma excnepemeHmanbHux 0OCAIONCEHb 8JiCe ICHYIOUUX
3aco0i6 i Mmemooie 00MedCeHHsT ABAPIUHUX NpoOYecié BCMAHOBIEHO, WO, HApPasi
nioBUWeHHs — e(heKMUBHOCMI  NeGHUX  KOHCMPYKMUBHUX — eJleMeHmié  3aXucmy
eleKMpUYHUX — anapamie  —  Ni0BUWEMbCA 1 eKCniyamayiiHa — HAaouHicmb
KOMYMAayitiH020 3aXUCH020 0ONAOHAHHS 8 YLIOMY.

06’eonanns 6 codi mpaouyitiHo2o 3axucmy 6i0 Cmpymie KOpOmK0o20 3AMUKAHHA —
EeKMPOMACHIMHUL  PO3YENnIoeay ma 3axucmy 6i0 CmpyMie NepesaHmadceHHs —
Oimemanesuti  po3uennosay, 0036014€ NIOGUWUMU — eQeKMUBHICMb  0OMeHCEeHHs.
asapitiHux npoyecie 8 0cooONUBUX YMOBAX eKCNIYyamayii KoMymayitiHoco 001a0HaAHH,
MAaKUx K HA0IUWKo8a 8iopayis ma Hazcpis.

B oOanmiti  nybnixayii posenanymo anvmepuamueéHe KOHCMPYKMUBHE PIULEHHs
npuHYyuny nodyooeu 3axucmy 6i0 Ccmpymie NepesaHmadCceHHs ma KOPOMKO20
3AMUKAHHS 8 ABMOMAMUYHUX BUMUKAYAX, A CAME SUKOPUCMAHHA KOMOIHO8AHOBAHO20
po3uenniosaya 3 eleKmpoliopagiiuHuM — CHno8ilbHI08aueM.  1akodc — HaeoeHo
NOPIGHANbHUU AHANI3, MENI0BUX 3ANIeHCHOCMEN, Ma 4aco-CMPYMOBUX XAPAKMEPUCMUK
CNPAYIOBAHHSL 8JHCE ICHYIOYUX KOHCMPYKMUBHUX PIUleHb 3aXUCHY ma 3anponoHO8aAH020
MeXaHismy, WISAXOM eKCNePUMEHMANbHUX 00CaiOdceHb. B nybnixayii npedcmasneno
KOHCMPYKYI10 MACHIMO2IOpABIiuH020 PO3UenIio8aya ma NPUHYUN tio2o pooomu.

Ilpakmuuna eadcaugicms 3anPONOHOBAHO20 MEXHIYHO20 DIUEHHS 6 NOPIGHAHHI 3
BUKOPUCMAHHAM — MPAOUYIUHUX — PO3Yenio8adyie y  HACMYNHOMY:  iOCYMHICMb
3anexcHocmi 60 meMnepamypu  Omouylouo20 — CepedosUUd;  MONCIUBICMb
ONnepamueHO20 NOBMOPHO20 BKAIUEHHS NICAA A8apitHOi KoMymayii;, 3MeHUeHHs dacy
CHPayloO8anHsl 8 pasi GUHUKHEHHS PedHCUMY NePeHABAHMANCeHHs, CMAOINbHICMb Y4dco -
CMPYMOBUX XAPAKMEPUCUK, CMIUKICmb 00 HAOIUWKogoi eibpayii. Bpaxosyouu
nepesacu GUKOPUCMAHHA DO3UENi8aia 3 eneKmpoiopasiidyHuM CHOBLIbHEHHAM 8
ABMOMAMUYHOMY BUMUKAYI CNI0 BIO3HAYUMU, WO ANbINEPHAMUBHE MEXHIUHe DilleHHs.
3axucmy 6i0 aBAPIUHUX PeXHCUMIB MAE NepPCneKmusy mexHIYH020 pO36UMKY ma
B00CKOHANIEHHS 8 OAHOMY eIeKMPOMEXHIYHOMY HANPAMKY.

Knrwouoei cnoea: romymayis, o00OMedxceHHs cmpyMie; KOpoOmKe 3AMUKAHHI,
NepesanmanriCeHHs, MazHimo2iopasiiyHuLl po34enansay, 8iopayis, Hacpis.

TEOIH)KEHEPISI /Bunyck 2 / GEOENGINEERING /issue 2/
37



['IPHUYI MAIIWMHU i EHEPTETHUKA

BCTYII

AKTyalIbHiCTh TeMH. BiomMo, 1o cuiioBi aBTomMaTH4Hi BuMmuKadi (AB) 3 iHcTamsimieo B
posnoauTbunx madax, OUIeIIT BimoMi SK «madoBi BHUMHKadi», pHC. 1, 3alleKHO BiX
BUKOHAHHS, pu3HaveHi [ 1-6]:

— IS 3aXHUCTy BIiJl aBapiHUX PEXHUMIB EJIEKTPUYHUX MEpPEXK: MEepEeBaHTAKEHHS Ta
KopoTtkoro 3amukaHHs (K3) abo 3HW)KEHHS HAmpyrd HUXKYE JOMYCTUMOTO piBHS (B
ABTOMATUYHUX BHMHKAuaxX, BCTAHOBJIICHUX B MEpEXKY, 3aXHCT BiJl 3HWKCHHS HANpYyrd He
3aBXK]IM Tiepe0aueHuil);

— JUTsI 3aXUCTY IEKTPOJABUTYHIB 3MIHHOTO CTPYMY, a TAKOX IS THCTAIAIIHHOT KOMOIHAITIT
3 IHIIUMHU eJNEeKTpUYHUMH amnapatamMu (AB MOXyTh 00CIyroByBaTH IUISIHKH MeEpexi Ta
OKpeMi eNeKTPOJABUTYHHU, SKIO AB mnpusHaueHi Juisi YOpaBiliHHA JBUTYHOM 3 (ha3HHM
poTopoM abo HMPUCTPOIB 3 MYCKOBUM 3aCTOCYBAaHHSIM, TO B HUX OOOB’SI3KOBO MOBHHEH OyTH
nepea0aueHuid 3aXUCT BiJl 3HIDKCHHS HAIIPYTH ),

— JIJIs1 BAKOPHCTAHHS iX B AKOCTI pO3'€JHYBaviB KUBJISIYMX Ta TOJIOBHUX MEPEXK.

Pucynox 1 - 3acanvnuii éucnnd mpaduyinnux cunosux AB [16]

3axucT BiJ CTPYMIB NEPEBAaHTAKCHHS BHMKOHYe OiMeTalieBa IUIACTMHA, a 3aXUCT BiJ
ctpymiB K3 — enekTpoMarHiTHUN po3yeruioBay.

BigzHaunMo OCHOBHI 0COOJIMBOCTI BJIACTHBI caMe IIbOMY TEXHIYHOMY DILIEHHIO 3aXUCTY
BiJl CTPYMIB II€pEBAHTAXKECHHSI:

- BITHOCHA 3aJIe)KHICTh BiJl TEMIIEPATypu OTOYYIOUOTO CEPEAOBUINA;

- HEMOXKJIUBICTh HIBUIKOTO TOBTOPHOTO BKJIFOUEHHS MICIs cripaliboByBaHHs AB;

- HEeCTaOIbHICTh YAaCO-CTPYMOBHUX XapakTepuCcTUK AB.

AHaJi3 ocTaHHIX JociailzkeHb Ta myOJikamiii. TpaguuiiiHe KOHCTPYKTHBHE
BUKOHAHHS 3aXHCTY Bijl CTpyMiB nepeBanTaxeHHs Ta K3 B madosux AB [2-5] 300pakeHo Ha
puc. 2, ne 1 — GimeraneBa MjacTUHa, a 2 — €JIEKTPOMArHITHUIN po3ueruioBad. BigzHaunmo
OCHOBHI OCOOJIMBOCTI BJACTUBI CaMe€ I[bOMY TEXHIYHOMY pIIIEHHIO 3aXHCTy BiJ CTpPyMiB
NIepEeBAHTAKCHHS

- BIJHOCHA 3aJIe)KHICTh BiJl TEMIIEpaTypH OTOUYIOUOTO CepeIOBUINa, pUC. 3;
- HEMOXIIMBICTh MIBUAKOTO TOBTOPHOTO BKITFOYEHHS TTCIIS CIIpaiboByBaHHS AB;
- HEeCTaOUIbHICTh YaCO-CTPYMOBHX XapaKTepucTuk AB.
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Pucynok 2 - 3azanvne ghpomo mpaouuiiinozo pozuennioéaua AB
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Pucynok 3 - Yaco-cmpymosa xapakmepucmuka cnpayrosanna AB npu euxkopucmanni
mpaouyininux po3uennroeauis: a) cnpayioeants AB y Hacpimomy cmani npu pexcumi
nepeeanmasicents; 0) cnpayiosanua AB y xonoonomycmani npu pexcumi nepeeanmadicenHs,
¢) cnpayiosanns AB npu Kopomkomy 3aMUKanti

[1in yac BUHMKHEHHS aBapiifHOTo Mpolecy — MepeBaHTa)KEeHHs, eIeMEHTH KOHCTpYKLii AB
HarpiBalOThCsl 10 TemIepaTyp OJIU3bKO 80°C. 1le MPU3BOAUTH 10 HEMOXJIMBOCTI HOTro
MOBTOPHOTO OINEPAaTUBHOIO YBIMKHEHHS TMichs aBapiiiHoi komytauii. Yac 3aTpumku
YBIMKHEHHS CKJagae Onu3pko S5 xBwiuH. g mpukinagy, Ha puc. 4 TpencTaBlIeHO
TEIIOBI3iiHY (oTO3HOMKY HarpiBy AB mij] yac BAHUKHEHHS ITepeBaHTAXXEHHS.
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IlocranoBka 3aBaaHHsA. MeToro poOOTH € miABUIICHHS €(PEKTUBHOCTI (PYHKI[IOHYBAHHS
3ac00iB 0OMeXeHHs aBapiiiHHX mpoueciB: cTtpyMiB K3 Ta mepeBaHTaKEeHHS y BUPOOHHYMX
CUCTEMax 3a PaxyHOK BJIOCKOHAJIEHHS €JIEMEHTIB KOHCTPYKIIi aBTOMAaTUYHUX BHMHKAUiB, a
caMme eJIEKTPOMArHiTHOTO PO3YeIIioBava 3aXHMCTy BiJl KOPOTKOTO 3aMUKaHHS Ta OiMeTaneBol
IJIACTUHU — BiJ mepeBaHTakeHHS [7-10]. s mocsSrHEHHS MOCTaBIEHOI METH Y CTaTTi
HEOOXiJTHO BUPILIMTH HACTYITHI 3a1a4i:

*  TIPOBECTH aHaJ3 croco0iB 1 3aco0iB oomexeHHs cTpyMiB K3 y EIIBC;

* 3poOUTH TOPIBHAUIBHUI aHali3 TEIUIOBHX 3aJIe)KHOCTEH, Ta Yaco-CTPyMOBHUX
XapaKTepUCTUK CHPALIOBaHHS BXKE ICHYIOUMX KOHCTPYKTMBHHMX pIIIEHb 3aXHUCTy Ta
3aMpPOTNIOHOBAHOTO MEXaHI3MYy, IIITXOM €KCIIEPUMEHTAITLHUX JTOCII)KCHb.

P1:50, 1

Auto

Pucynok 4 - Hazpie AB nio uac 6uHuKHeHHA A6apPiliHOZ0 PEIHCUMY — REPECAHMANCEHHS

OCHOBHA YACTHUHA

[IporoHyeThCs ajbTEpPHATHBHE PIlICHHS BUKOHAHHS €JEMEHTIB 3axucty AB [4], ske €
KOMILJIEKCHUM 00’ €IHaHHSM 3aXUCTY BiJ] CTpyMiB nepeBanTakeHHs Ta K3 onHouacHo, a came
pO3YeIItoBay 3 €JIEKTPOTAPaBIIYHUM  CHOBUIbHIOBAYE€M. 300pakKeHHsSI KOHCTPYKIIi
po3uerIroBaya J0CHiIHUX 3pa3kiB AB npescrasieHo Ha puc. 5.

Pucynok 5 - Pozuenntosay 3 e1eKkmpo2iopagiivyHuM cnoGiIbHEeHHAM

TEOIH)KEHEPISI /Bunyck 2/ GEOENGINEERING /issue 2/
40



['IPHUYI MAIIWMHU i EHEPTETHUKA

Po3zyermoBad 3 €1EKTPOTiApaBIiYHUM CHOBUIBHIOBAYEM HPU3BOJHUTH 10 CIPAIFOBAHHS
MexaHi3My npuBony AB, sikuii po3MuKae KOHTakTHY rpymy AB npu mpoxoKeHHI 4depes
eJIEKTPOOOIaJHAHHA CTPyMY, IO IEPEBUILYE BCTAHOBJIEHE MAaKCHUMAJIBHO JIOIyCTHME
3Ha4YeHHs (CTPYMH KOPOTKOTO 3aMHKaHHS a0o0 mepeBaHTakeHHsS). OCHOBHA YacTHUHA IL[bOTO
po3uerunoBaya — €JIEKTPOMArHIT, KOTYIIKA SKOTO BKJIIOYAETHCSA IOCIIOBHO POOOYNM
KOHTAaKTaM B KoJI0 poOodoro crpymy. Ecki3zne 300pakeHHsS KOHCTPYKIIi po3ueruioBaya 3
€JIEKTPOT'1IPaBIIYHUM CIIOBLJIbHIOBAUEM IIPEJCTaBIEHO Ha puc. 6. 3 1i€i yaco-cTpyMoOBOi
XapaKTEPUCTUKA MU MOXKEMO MOOAYUTH BIJICYTHICTH 3a1eKHOCTI AB BiJ BIUTMBY 1TOYaTKOBOT
temneparypu AB y mopiBHSHHI 13 TpaguLiiiHUM OiMETaleBUM po3yeruiioBadeM. Po3risiHeMo
OPUHIUN  Jii  eJeKTPOMArHiTHOTO  pPO3YeIUIlioBaya 3  TiAPaBIiYHUM  CHOBUIbHEHHSM
CHpALlOBaHHs, W0 3a0e3nedye 3BOPOTHHO-3AJICKHY BUTPUMKY Yacy CIpallbOBYBAaHHS
pO3UerItoBaya B 30HI NI€pEBaHTaKEHb, pUC. 5. ABTOMaTUYHE BiAKIIOUeHHS AB BUKOHYETBCS
po3ueIuIoBaYeM IMpH CTpyMax IepeBaHTaXeHHA 1 cTpymax K3 He3anmexHO BiJ TOTO,
YIPUMYETbCS ab00 HE YTPUMYETHCS KEPYIOUMH BaXUIb «BMUKAHHSI/BUMHUKAHHSD» Y
BKJIIOYEHOMY IOJIOXKEHHI. Po3yentoBau cKiIaaeThes 3 pelie, KOpOMUCIa, PeHKH 1 MEXaHi3My
BIJIBHOT'O PO3YEIIICHHS.

_-NWw s

Pucynox - 5 Ecki3 po3uennweaua AB 3 ciopaeniunum cnosinonennuam: 1 — nemacnimna
Kpuwika, 2 — niyHcep; 3 — YuriHOpUYHUL CMakaH, 4 — NOPOICHUHA, WO HANOBHIOEMbCSL
KPEMHIOPeaHIYHO PIOUHOI0; 5 — NOBOPOMHA NPYAUCUHA, 6 — KOMYWIKaA, 7 — NOJAOCHULL
HaKOHeUHUK, 8 — AKIp

Pene pozuenitoBaua 3 TripaBIidYHUM CIOBIUIBHEHHSM € €JIEKTPOMAarHiTHOIO CUCTEMOIO 3
JBOMa PYXOMHUMH YaCTHHaMHU: SKOpPeM 1 IUIyHxXepoM. SKip 1 IUIyHXep € YacTUHOIO
marHiTornpoBiny. [loymkep 1 mpykuHa NepeMillaloThes ycepenuHi Tpyoku. TpyOka
PO3MIIIIEHa yCepeauHl KOTYIIKH eNeKTPOMarHiTy. Y TpyOKy 3aJIuBa€Thcs KpeMHiHopraHiyHa
plauHa, siKa CIIOBUIBHIOE PYX IUTYH)KEpa, 3aBASKU CBOIM XIMIYHUM BJIIACTUBOCTSIM.

[Ipy BUHUKHEHHI CTPYMIB NEPEBAHTAXEHHS 3pOCTA€ E€JIEKTPOMArHiTHa CHJa KOTYIIKH
pO3UerUItoBaya 1 CTae JTOCTaTHBOIO Ui 3/I0JaHHS MPOTUIIIOYOi CHJIM 3BOPOTHOI MPYKUHH,
TOMY IUIyHXKEp IIOYMHA€ TMEpeMillaTucs 0 IMOoJcy ocepAs. SKip B CBOIWO uepry
NPUTATYETHCS IO TIOJIOCY OCEpIsl MPH CTPYMi NEpEeBaHTaKEHHS, B MUTh, KOJH TUTYHXep,
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3MEHIIYIOUM OIip MarHiTHOTO JIAHIIOTa IpU TEepeMIleHH] yCepeanHi ocep/s, BIUTUBAE Ha
3HAYCHHsI MarHiTHOT IHIYKIIIi B MOBITPSHOMY 3a30pi, HEOOXITHE JIJIS MPUTATYBAHHS SIKOPS 710
HOJIFOCY OCepsl.

[Ipu crpymax K3 mepecyBanHs miyHxepa HE BinOyBaeTbcs, B BUNAAKy BUHHKHEHHs K3
3HAYeHHS MAarHiTHOI 1HAYKII B MOBITPSHOMY 3a30pi AOCTaTHBO JJISl BTATYBAHHS SIKOps 0e3
BUTPUMKH Yacy. 3yCHJUISL SKOPsI pO3UCILTIOBaYa MEPEIAEThCS Yepe3 KOPOMHUCIIO Ha PEHKYy, sKa
€ JJAHKOI0 MEXaHI3MYy BUIBHOTO po3ueruieHHs. [IoBepHEHHs B NEpBUHHE MOJI0XKEHHS SKOps 1
pEeNKH 3/1IHCHIOETHCS 3a IOTIOMOI0K0 TOBOPOTHUX MPYXKHH.
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Pucynox 6 - Yaco-cmpymosa xapakmepucmuxa cnpautoeanus AB 3 ziopaeniunum
CROGIIbHIV8AYUEM

KpemHiliopraniyHa piJjiHa, 10 BUKOPUCTOBYETHCS SK CIOBLIbHIOBAY po3ueruitoBaya AB
Mae mManuil TaHreHc kyra Btpat (mpu 25° C <0,0001), kpemHifopraHiuHa piiiHa HaHOUIbII
CTiiKa /0 yTBOPEHHS IBUI, TaKOX Ma€ BIJIHOCHO HH3bKi TMOKA3HHKU TITPOCKOMIYHOCTI 1
MiJBUIICHY HArPiBOCTIUKICTb.

Jlnis kpeMmHifopraHiyHOl piAMHU XapakTepHa cIabKo BHpaKeHa 3alIeKHICTh B'I3KOCTI Bij
Temneparypu. Mana BenuMYMHA CHJI MDKMOJEKYJISpPHOiI B3aeMojii OOyMOBIIOE iX Maly
B'AI3KICTh 1 SIK CJIJICTBO HE3HAUHY, B MOPIBHSAHHI 3 IHIIMMH PIIKHUMH Jl€IEKTPUKAMU 3MIHY
B'SI3KOCT1, BUKJIMKAHY 3HIDKEHHSIM TemnepaTypu. Tak npu 3HMXKeHHI Temneparypu Big 100° C
1o Mminyc 35° C B'3KiCTh KpEeMHIMOPraHiuyHOi piIMHH 301IbIIYETHCS BCHOTO Y CiM pasiB, a y
MiHepanpHuX Mactuil — B 1800 pasziB (mpu oJHaKOBOI ModYaTKoBOi B's3KocTi). HaBeneni
nepeBaru KpeMHIHOpraHiyHol piAMHU POOIATH 11 HE3aMIHHUM KOHCTPYKTHBHHUM €JIEMEHTOM B

npuiaao0y yBaHHI, paIiOTEXHIII Ta IHIIMX Tady3gX eNeKTPOTeXHIuHOi nmpomucioBocTi [10-
15].
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BUCHOBKH

[TincymyBaB mpoBelieHE MOPIBHSAHHS JBOX TEXHIYHHMX PIIICHb pealti3allii 3axucTy Bil
CTpyMiB TiepeBaHTaXeHHsS Ta K3, Big3HAuMMoO, IWIO 3aCTOCYBaHHsS pO3YEILTIOBa4Ya 3
€JICKTPOTIIPaBIIYHIM CIIOBUIbHIOBaYeM Hajgae AB TmeBHI mepeBardn B TMOPIBHAHHI 3
BUKOPUCTAHHSM TPAJIUIIHHOTO PO3YEILTIOBaYa — OiMeTaIeBOl INIACTHHU:

- BIJIHOCHa BIJCYTHICTh 3aJICKHOCTI PO3YCIUIIOBaYa BIJ TEMIIEPATypPH OTOUYYIOUYOTO

CEepeIOBUIIIA;

- MOXJIUBICTh IIBHJIKOTO MOBTOPHOTO BKJIFOYEHHS IIICJISI CIPAIlbOBYBAaHHS, B BUIAJKY
BUHUKHEHHS aBapiiHOTO PEKUMY;

- 3MCHIICHHS 4Yacy CIpaIfoBaHHS B pa3i BUHUKHCHHS PEXHUMY IIepECHABAHTAXKCHHS
(3MeHImIeHHs BHAKONIT AB, miATBEpIKYeThCS 0araTopazoBUMH MPAKTHYHHUMHA
JTOCITIJDKEHHSIMH )

- CTaOLIBHICTh YaCO-CTPYMOBHUX XapaKTepuCTHK AB;

- 3aMiCTh JABOX ()YHKI[IOHAJTHbHUX €JIEMEHTIB MU MAaeEMO OJMH OaratoQyHKIIIOHATBHHM, 110
NPU3BOJMTH JIO0 KOHCTPYKTUBHOI'O 3MEHIIIEHHS BHYTPIIIHLOTO 00’ €My KOHCTPYKIIii AB;

- CTIHKICTB A0 BiOpartii.

BpaxoByroun TmiepeBard = BHKOPHCTaHHsS  PO3YCIUTIOBA4a 3  EJIEKTPOTiIPaBIiYHUM
CHOBUIbHEHHSAM B AB ciij BiI3HAYUTH, 110 albTePHATHBHE TEXHIYHE PILICHHS 3aXUCTY Bij
CTpyMIB mepeBaHTakeHHs Ta cTpymiB K3 Mae mNepcrnekTHBY TEXHIYHOTO PO3BUTKY Ta
BIOCKOHAJICHHS B TAHOMY €JICKTPOTEXHIYHOMY HanpsiMKy [16-17].
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