UL
21776

£USUUSULP CULMUMESNM3UL UrRNMMSUL, ShSNISUL
Uzuunk3aeh b4 UMNNSh LUUrurnkeasntl

BUrSUrULMESNRESUL b4 ShLUrUrNMM3UL <USUUSULP U29U3PL
uvruLyuruy

LN4CULLBU 3NhrUSh <USrUMBS3UL

SUMPEN UNLUSPNhUShU SUTUYLLMGEND TELREMD HLUUDPY
PLARMBUSTENP £ESUNSNMESNRLLEND UL NTHhUUL BU
UrMSNRLALEME" PLUTUSUUL enraurunhiusrnd

5.23.01 - «Chuwpwpwljwl Ynbuwnpriyghwlbp, supbp, Gwanyglbn,
shbwpupulwl Wngetn L shtwpwpwlwl dbluwbhiws dwebwghnmpgudp
unbutihluwlwl ghnngynibtbph phluwdnth ghowlwl wunhGwuh hwgdwl

winbliwfununypul

Usurushr

bMEJdUL 2020

MHHHCTEPCTBO OBPASOBAHHA, HAYEH, K¥YJIbTYPbhI H CITOPTA
PECITYBAHKH APMEHHA

HALUMOHANBHBIH YHHBEPCHTET
APXHTEKTYPhI H CTPOHTENLCTBA APMEHHH

AHPANETSH OFAHEC HOPAEBHY
METOJHKA H PEIYJIBTATHI HCCAELOBAHHIL JHHAMHYECKHX
XAPAKTEPHCTHEK 3AHHI PASIHYHBIX KOHCTPYKTHBHBIX CHCTEM.
HATYPHBIMH HCITBITAHHAMH :
ABTOPEDREPAT
JIHCCEPTALHN Ha COHCKAHHE )'IIEHDE CTENMEHH EAHAMIATE TEXHHYECKHX HAYE M0

cnenraabiocTH 05.23.01 — «CTpoHTENLIME KOHCTPYKIHH, 3I2HHA, COOPYHEHHA,
CTPONTEABHEIE MATEPHANR W CTPONTENLHAR MEXANNELY

EPEBAH 2020
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Winbbwhununipwl phdwl hwonwadl) £ << UL U Lwqupndh winwb
Bplypwihghluwgh b fudbbpught ubjudwpwinpuwt fuuohuonwnud

Fhunwljwt nbiljuup’ plpwp. ghun. phluwan
2.4, Ywpwwybnjwh
Muwgnnbwlwl punnhdwiunutibp’ wbifuts. ghw. nolpnnp, wpndbunp

S.L. Thunuuh,

unbuls. ghun, phlfiwdn

LG, Upgnufwigwl

££ UL Ubtuwthlwih fuuwnpunun

Mupnywlnggnip  Jugwbwgm £ 2020p. ognunnuh  4-ht dunip  13%-h

Bwnumnwpuwwbunnuywt b shbwpwpmpub  Swjuuoewtif wigguujhls

hwdwuwpwtpl Yhg gnpdnn <€ PNY4-h 030 «Chuwpwpniagnis Gwuliwghnwljwl
funphpnh Uhunnul: Cwught’ 0009, p. bplwwts, Shpwl 105:

Usnblwfununippuin Yuwpbih £ dwinpwiuwg 6ELUL-h ghinwljwl gpunupuitinud:
Zwughl' 0079, p. bpluwl, Uwnp thnn. 17/1:

Ubniwghpt wnwpdwd  2020@. hndhup 24-hi:
Vwubtwghnwljw unphpnh ghnwlwl pwpnnnup,
wnbfuli. gpan. goljunp, wpndbunp %‘w E.£. hnwsunnpjulb

Unwswinwp Gugdwlbpyngmt’

Tema avccepraunn yraepaiena b HucTimyTe reofmznkn i sinenepnoil ceficMmonoriy uu.
A Hmaposa HAH PA.

Hayareiil pykopoaimens: KAHIHAAT FeoIoTHYISCKHX HEVE

Kapaneran T K.

AOKTOP TEXHMMECKHX Hayk, npodeccop
HMananan T.JL

KAHIHIAT TEXHHIECKHX HAYK
Apaymanan B.I'.

Benyias oprannsaima; HuctwryT sexamnxn HAH PA

JammTa cocTouTes 4-ro apryera 2020, p 13 uacos Ha IACENMMMN CTIEUMATHINPOREHHOTD
cosera 030 «Crponrensereon BAK PA, neficrayromero nprn Hauponansiuom ynusepeurere
APXHTEKTYPE M CTPOHTENLCTEA APMEHHH.
Aqpec: 0009, r, Epesan, yn. Tepana, 105,

C puccepraumell MORHO 0IHAKOMHTRCE B Hayunoll Gubanorere HYACA no anpecy: 0079,
r. Epenan, yn. Mappa 17/1,

Artopedepar pazocnan 24-ro wons 20201,

OpHIHATRHEIE ONIOHEHTH!

Yuenuil cexpeTapt CoeiuTHINPOBIHHOTD CORETI;
nﬁ:‘,’-&.ﬂ' XauaTpan HA.

£l ))- 0716
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ughusuLer CLCULnh® PLNMULSIE

Rrbdugh wpphwlwbnpmbp: Swppbp Ynbunpadehd hwdwlwpgbnh
shipbph U Ywnmgwdplbph  plwwwydwt  dinpdwplnuitbpp Lwiplinp
ghwwlhpwawlwl  fbnhp B We alh hulwguljw unghwpinmnbuwljuwl
pwiliwlniagnil, pwth np wnlsgnu £ hwqupunp duwpnlwlg Yuatiph, Unypwlwl
pwphplbph wwhuywlniggwl hbwn:

Roinhpt - wpnhwluwt & hwnbuwyby Cwwunwtng,  hwadh  waibio
nwpwdwgngwh pwpdp ubjudhlnipintip, ubudhly Yuwtgp, npabin 2kLpbph
qnpdhpught (thnpdwpwpuwlwl) nwewbwoehprprubpp dbd Bpwlwlngnia
nilbl fpwbg widnwbg swhwgnpdlwl nbuwlblynbhg:

Lbpluwynuwiy  Cwpwunwtih  Cwipwwbnngninud Yuwl z6upbp, npnlip
Uwfuljhtnud nwnwbwehpdws b by plwwwypdwl gapdwplinuibpny, uwlwb
pruwljustshs bpljwn dwdwbwl npuwtg Ypw bliwbwnhy lbnwgmonganibbp gt
hpwlwlwgybp Nwinh hnyd Ywpliop & hpulwiwgtby phiptiph plwwwpiwt
thnpdwplnuitbp, hbunwgninky L npngty 2bpbiph nhtwdhl plnypwgpbinp, npwlg
wnwbdbwhwinlmpniitbpl L oppliwswihnipnititpp, hwdbdwinb) bwhlyhtunu
unwgwd  nubpp L wib] hwdwywoweuwl - Ggpuljugnipniiibn n
wnwownlynpmblbpn:

Ushuunwbiph tuywnwlp b ubighplibpp: Luuwonwl £ apb) plunguwypdwt
thnpawplnufubph dhgngny htinwagninty nwppbp Ynbunprdjnpy hwdwlwpgh
obiipbph  thwuwnwgh nhtwdhywlwl punpwgpbpp U pwgwhwjnb] nnwlg
wnwbdbwhunlnggniibbpp: Lodwd Lwwinwlh hwutbne hwdwp mddb B
hbnlywy futinhpubipp.

o hpulwtiwglby dphypnubpudbph gopdhpuiht swihnuiubp sbuptinh W npwtg
hhdbwwnwlh gpniatbph wnwbdht hwngwdtbph dpw’ dhudwdwlwl
gpulghiny bpbp pwnwnphsubipp (BpYne hnphgnuwlute X, Y L dby
nunnwdhg Z),

o lwuonwpby gopdhpuwht  swihnuiubph  uwblwpuwiht  punwnwiuadh
Jupnidni@nit, npngty 2pbiph thwunwgh nhtwdhulwt ptnEwgpbipp
(wqwin  wwinwbnuitbph  hwwlumEniibpl ne wwppbprgyntitibpp,
widwyhuinnnubpp, wwnwbnuiubph dwpdwl nbliptdbUantibpp),

o nunuliwuppb) nwppbp Yatunpnilpopy hwdwlwpgbph 26upbph Juwpph
wrnwlidtwhwinljnpnilibpn,

+ pwgwhwpnty  ghph L gpriwnh hwdwibn  wzhuwenwph
wnwidiwhwnlmpynibpp, hpwlwbwgil) hwdbdwnngnibbn uwppbin
gpniunwghs  wwpdwbbbpnd  Unyt whwh  2bbpbph  duwonwgh
nhuwdhlwlwy punpwgpbph dhel,

e uwwpby bUpbph thwunwgh ahuwdhl punipwgpbph U bwhilhleu
uwnwgywd tujuibph hudbdwnwlwl Jbpdnyza,

B



s  hwdbdwwnby sbupbph  ubthwlwt  mwenwbnuiubph  wwppbpnyeniutbnh
thuwunwgh b npdbpnud phpdwd hugdwplwgbt wpdbpbbpp:

Uhpwnywsd dEpnnubinp:

Usfuwmwbipnud, npuybu hbirmwgmndwt Jepan, plunpdb) b 2bupbph huwdiwp
punnitiuwd 0,6...20 £g huwiuwlwd whpnypny dhipnubjudtph ogquusgnpédut
dbpnnp, nph  hpdbwlwt  wwpwdbopbpt B0 wdeyhomnpuhwGwoushi
pumpwgpbpp:  Sujw;  wbuwblymbhg  dplypoubudbiph uwblpopught
pwnurpwlwash  dbpndnipput dbpenp Uppwadnd £ hldbtbipught
ubudwpwbmput, ubudwluwni shuwpwpnwt b ophpadhghlugh wwppbp
hunhpubp jrubdwl dwdwbwl: W dbpanh wnwdbmpniiibpl BY wpngnibw-
bnnipgnitip, duwinsbhngzgniip b wopsunnwbiph gudp qUwiht wpdbpp:

Wyhwinwbiph ghuwljwh Unpoyep

+ Pwgwhwpmlby £, np pbupbph Jwhwgnpbdwbp grigpipwg’ Rpwbg
thwunwgh wwppbpnyniitbph unp wpdbpbbpp, plnhwbnp wodwdp,
wih b hhs swihiwt wpdbplibiphg 3...24%-ny:

s Umnwglby b gbupbph thwwnwgh  wwppbpnypgnibtbph wpdbpbbph W
hwdpbljunufubp, U qguih wwppbprenibtbp unpdbpoud  phpyws
hwawpljwiht wpdbpubphg' dhtsl 50%:

» Pwgwhwpndby bu pwqdwhwply sbbpbph winnpht b Jbpht hwplbpnud
nwinwbnuiubph wdpininibph (thnpdwpwpwlput Snwtawlym] unwglud)
fuyripUbinh wwppbp ophUwgswihnigniilitn:

« <hu L bnp bpbph uwblwpwht  pwnunpwiwadh  Jbpmdniegw
wpryniipnd  pwgwhwpndlp £, np Unp sbpbph  wwybljunpught
pwnuwnpwljwgdnd  wdbh buenwly b wprwhwpodwd  gbpulpann
quiqupbwlmnbpp:

o  Pwguwhwpndby £, np munuitwuhpwd 3 hwplwih sbupnud Ygwlwnnygh
wnljwyripgnitip thnfunud £ pbtiph nhtwdhly pnipwgpbnp, dwutuwgapuagbu,
wnwinwlidwl  gbpwlpanng wwppbprpwlt wpdbpp badwd  hwwnwdnud
unwgyby b undbih thrpp, pub sbuph dow e wdtbpn:

Uzhuwnwliph Ghpwnwlwb bpwbwlngagnibp:

Hwd jubtnpplbph hwdwloqdwih padndp hbwpudopnypot £ owhu
utnbindb) sbupbph widlwgpwinpdwl hwdwwwnwuowt odwtibph aobdwpet,
npp Yhpwnbh £ zbupbph  hbwowgw  wbdtwgpuefnpiwt b whjodw gt
shtwpwpnypuwl bwhwgdugh bopdbph  pudpwlpdwt m wpphwlwbwgdwt
hundusp: Uinwgywd wpryniiptibipp Gupnn b hjdp hwbnhuwtw) 250pbph bpuwypbu
Brpitiulym] inbuthlpuwlwt dhtwlh gnpdhpuht hbnwqttnggwt hadwp:
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Muwnuywin/nn hhfbwlwl npnypubpp

«  Unwgyby £, np puquwhwpl seupbpnud unnphts L Jtpht hwplbpnul wnwe
bl quiu nwnwidwl nwppbp ophUwswihnuymiilibp:

o Cwdblwnwluwl Joppidnpul  wpynpnwd wnwgdlp Bu - pkupbph
wwppbpnunitbbph hwunwgh wpdbglbph ginnuiubp hhls wpdbplbiphg:

e Puwgwhwpundwd by pbupbph thwunwgh wwppbpripniiibiph wpdbplbph
hisswybu hwdpliunuitbp, wjbwbu b qguih wwppbpnygniibn Unpulspnud
phpyws hugdwpljuiht wpdbplibinhg:

o Pwgwhwunjwd bu  wnwbdbwhwnbmpnibop  bh b Wnp obupbph
uwbljunpught punwnpwlwadnud, Jepehttbphu uwblunpughls pusmunw-
Lwanud humnwly b wpnwhwypnjws gipulzann qugupbiwlnbpp:

e Puwgwhwpnjwd £ pbupnul Ygwlwnnygh wnluwmpul wgnbgniypindip
ohtiph nhtwdhy punipwapbnh pw, npp thafunud £ 2buph nwnwbinuitph
wwppbpnipgntp win hwandwdnul:

Ugfuwnwtph  thapdwhwijwuwhnpribp L ; hpwuwpwlnuiubpp:
Uinbtwfununipul hhibwlwb wphynibptbpp qbymgyb bu

e «Ubjudhly mdqunipiut uwlnnuijh Yuinwpbpugnpédwl ulinhpttipps 1-hu
Uhguigguhiu ghinwlwt nupng-ubdhtwpnud (nuiph 2016 p.),

e «bplpwhahljugh, hudbubpuht  vbulwpwinput L ubudwlugnl
shtwpwpniyzwls wpnh bnhpbpps Gphuwuwpn ghnliwluwb-bph 3-pn
4-nin dhewgguih ghunwdnanyubpnud (Twnlwénp 2017 @., 2018 p.),

o «Uymnwlh bphypwzwpd, 30 wwph wbg. eopd L hbnwbluplbp
dhgwqguiht ghwwdnnnynul (Gpluwb 2018 p.):

Unblwfununupgwls wprynipbbpp uywaniby bl wbnwljut b dhewgguihl
gnufunuynn wiuwgptpnul: Winbbwfununipgut phdwing hpwnwpwiws £ gy
6 ghunwlywl honuwd:

UWtuwinwliph Yunmgudpp b dwdwp: Uinblwfununyznip punljugud
b Uwhuwpwlhg, snpu gijubiphg, bopwlwgngniuhg, gpulwlingEuwl guwllhg b
hwybpwdhg: Ughsuwnnwph punhwunp dwywip 139 te wwpnibwlnul £ 34
qbwwwinbp, 4 wynwwl, 115 wlnl gpulwbnpul guly L hunbpjwd (26 Eg):

bpwumnwgunnzni.

Chnpwyp funpht  bpwjunwghunngnit £ hwpunimd  hp - ghunwljwl
phljwjuwp €€ SUU bhUP  wbopbl, bplpwp.  ghunpmtbiph pbljuwdnt
24, “wpwuhnwuhl uunph  npdwdph, pwqlwinndwih  wewlhgnipul L
wbhthlwiny wywhnydwl hwdwp: <Enhtwl pp funphls punphwljwplwl
funupti £ hwpntinw wbjul. ghwnggniitbph phljwdnt TU. Uuhpuwnjwiht
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wpdbpundnp  funphaipnubph L mgepnbpe hwdwp: <bahlwlt pp
bpwhunwghunnanits £ hwpntnud £€ UL whwnbdhlnu, ok, ghongndtbph
nojnnp P4 bwpwybnpubh, €€ SUU pnpwlhg  winwd, $hq.-dwp.
ghwnEniibbph oljnp U Sndbwbitihupwtiht, <€ SUU 5hUb thnjurnopbl,
Pha.-dwp. ghumpnitbbph  pbltwdm YU Ywpwwbnwiht,  ghnwlwt
pupmnunup,  3hq.-dwp.  ghunngniiubph  phljtwdm LS. Sphgnputibl,
.U Ulypunguishts junphnpniph L phinnnniggritibbph hwiwp: <hnwgninnipni-
ubph whuthluwlwl dwun] wowlgnipput hwdwp hbnhtwlp sunphwlwrgpnd b
hwjpntinud UM Guwhwpuipnipuwishts b WU, Suuwguwpwiht:

UEhlUsULLer CUTUnNs PNYdULHIYNRE@SNRLE

Lwhwpwbp  tbplupugund £ wohuwenwbph  wprhwlwbngnip,
ghurwljwl Uujuwwnwl m jubnhpbibpp, hBmwgrnnpput depnnp,  ghuwlwb
Unpnypp, gnpduwlwl  Uswlwlngoip,  wwonwwinywl  Whplwpuegud
npnyplbpp,  hbwnwgmonippwtn wpyniipbbph dnpliwhwJwunhmEoiop L

winbbwfununipput hpwwwpwhnudubpp, flswbu bwl w2iuwnwbph Guemgdwsapp
L Swfwip:

Unwohty qifunud uanwpuby b ubpudwljwnimpul inbungaguts hwdwnnn
wpwindwlwt whbwpl: Popdwd B ubudbly wanbgnygniiibiph  glwhwndwt
ubjudwluwmbnipgut nbumpnibbph qupquigdwtl dinybpp L wpnh JhSwlp:
Chupbph L Lwnnygubph ubjudwluwniingeiwt musufwuppdwt bhdbwpwn
nbuwlwl L poplwpwpwlut hbnwgrnnniobbp ppelwbwgpl; b
ubjudwluynitinpuwl whunpwl hhduwnhptibp . Odnpht, L. Untnbnpbl, U.
Phnb, Y.U. Quajphup, WS Lwqupndp, U Ubndbnlp, h.L. Ynpshtuljhl,
huswybiu Lwh hudbubpuwiht vhulwpwinpuwy b ubedwlupn shtwpwpnEwl
pwpdpwlwpg upngh 2wpniwlnn ghnbwlwitbp P.4Y. Ywpwwbopubp, b
howshpwtip, UU. Thupphtjwbp, .9 Lwwybhndwphdb, 2. <wnigbbpp, 7
Swnuntp L 2w nphubn:

Llwpwgplby bu sbupbph  hwadwplughts sfubdwbbpp b nwnwidwb
dubpp, pwbh np nunwbwuhprpmbbbph wpynibpnwd wopbisdnud Bup Uwl
sbupbph thwuimwgh nwinwbdwt ubph hbwn: Uimpunuwpd b Quewpdb s6upbph
nbfubhwlwt  Jpéwlh  bonwquumpput b jungbjhripput  qlwhwndwt
bnwbwlbibpht,  plsybu  bwpbbwlpet © Bfprogwljwt Sepdwmpdught
thwunwpnpbph dbprnulwl gnignuitbiph dhengnd bpuljutiwgnn, witwbu ky
plwwwpdwls  pdwplnuiubpoyg dpengnd  dppoubjudhly  whennpnadw
dbpnnhljwl:

Lty bu ubjudhly wqnbgnyegmiiibinp gpwbignn qepdhpubipp, npnligny
apazynud BU fpwlg pubwljulpwt wwpwdbnpbpp: Lhwpwgmdb) By gprunh
gopwlpnnn  wwppbprpgniibbph L gbupbph  ulpwlwl  wwnwunuibph
nhtudhljwljwt pinipwgpbph apRgdwts ywbwlibpp, winponwpd b Guanwpgbg

[
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w  plwgwlwnnud  ghnbwljwltbph  Ynndhg  Yuowpdwd plwwywpdwl
thnpawnlnulubnhl, huswbu bwl gnpdnn bnpdbpny hwgdupldnn htwdhlwlwts
punipwgpbphi:

bpYpnpn quunud dwlpwiwut nunuibwoehpgl) U 2bupbph phtwdhly
punypwgpbph  hnwgnnnniitbph  ginpéwpwpwlut  bnubwlubpp,  nph
wprynipnd  ponpdly & dhypnnwinwtinuitbph  Yhpwadwl - Bwbwlp 11
quwhuwnyby & Jbapghubu gbpwnwubih U pbiph Yandapp, htgwbu bwl Yhpwndul
htuwpuinpnygniibpp  2bupbph Jupgh  nwnultwuhpnipywt ninpnlbipnud:
Nwawupply U Jbpdubp Bu Updwd  plwguywnnud’ SnuLwluwdnipwh,
U. Unghwpbihh, $.U. Smnwlupth, U4 Swwmunpwh, W, bdwundh,
&b Utnundh Yondhg  Guuwpws  plwwwidwt  dhnpdwplnuiibpp,  swidwl
bwbwlubpp, unwgdwd  wpyniiplbpp:  Pugwbu bwh P\, Y puy bongustuh,
b b uwshjuth b wy ghubwlwbibph wfuwnwlplbpp, mphp pliwiywiwl
thnpawplnuubph dhengny hnwgninnggniiibn BU hpulwlwgpb Cusjuunubnul
pluwlbih, hwuwpwluliwt b wpyodwpbpulwt Jttpbph L Ywnmgywdpubph
Upw, npnbip b hhip bu hwinhuwgb) wnbbwfunungniinud gpdws julinhpubph
wrwib] rwpdbp uddwt huwdwp:

Jbpdbiny  wyn wohiwwnwbpubpp'  Qupkh £ bopulwguby,  np
dhypnubjuibph  swihnuiubpny  gbupbiph L gpniwbibiph nhtwdhljwljwl
wwpwidbnpbipp  nunbwuhpbee budwp plwwupdul npdwpynuitbipp
hwbnhuwlnud BU thopdwhwjwinpuut wpdwbwgws b hnwwih Enwbwl: Wn
windwnn dbp woluwwnwbplipaud npuwd unhpbipp pabpne huwdwp Yhpwnb)
E  dpypnubjudbph  swibnuitbpp  Cwjwuwonwlnud  gwhwgnpénn  2blpbph
hbwnwgnwnypniiubph hwdwn:

PhpUwd £ Lwl  dhypnnwnwtnuivbph  haphgrbwluwl b ninnwdhg
uwblpnplibnh hwpwpbpnyniibph HY uwbleptbiph apnzdwy Lwluwdnpuwh
dbpnnp, npp Yhpwnwlwl bpwlwlngegniu nioh pbupbph hungbhnupjwt npnpdwl
gnpénul: Ubp wtuwnwbpbpnud uwblpnpughts Jopmdnippul dwdwbwl topd £
Yunwnyb) bwb Yunmghy nwnuiwuhpdwd phipbph HY vigblunplbpp: Uwljugt
obpbph fungbhniput quwhwndwl buwnwynd  wu dopnnh Yppwnnuip
yhpwlwliwgyh dbp hbnwgw hbnwgnunnignitiibpnud:

Llywpwapdby £ dbp gnpdwpynuiubpaul hhpwndws dhyprunwnwlinuiubiph
gpuwigiwl ubjudwsuhwljwt hwdwlwnpgp, npp hwdwwwnwufuwun s
hudbubpwubjuiwpwbwljwl uunhplbiph mddwl hwdwp: Ubp wahw wnwlptibpnud
plwwuiwl  hapdwplnuiubph  nwbwyny  dhiypnubudbph swinuiubipp
Guwnwpyby U bpbp punniuhsubphg pwniugud pwpdwlwb ubjudwljusjwlh
dhgngny CM3-0C ubjudhl unjhstbp (Bplnt haphgqnliwlul (H) - N-S, EW L bl
nunuwihg punwaphg (V) - Z), 8 dnunpn gpubignn uwpp (ingbn)’ wpnwnpuws <<
Ul W lwqupndh wiy. Bpypwhhghljugh b pudblbpwgh ubjudwpwimipub
huuwnhwnunh Ynndhg, npp wipup gutgny uwitipp hwanpraw £ rynipwlhp
hwidwlwpghy: Lngbph dhengny huwpwynpoysgnit £ pdbngnud weguwtg nhunki|
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gpuwbignuiubpp,  npnip  gmgwnpdnud  BU hwdwljwpgsh  dnbiponph o’
oguwgnpdtipny hwwnndy dowlpdwds Spwghp: Spubigiul hwSwhwlubnndp okl
Yuggplypatanud 200 Ldneg k:

Upbuwwnwtipnud, npwbu bwnwgnindwl dbpnn, punpub) £ obbpbph L
Yuwnngdwdplbph  Jpbwlhh  nwnullwuppriput 0,6.20 <g  hwhwfuwljwl
whpnypny dhljpnubudbph equuwgnpidwt dbpanp: U dbpnnh nunuiuwohpynn
hhdiwhwl  wwpudnpbpt B hwdwpdndd wdyhonpwhwwhwht
punipwgpbpp:

Sjw) wbuwblymihg dhypnubudbph  swblopaht  pwgunpuiwgdh
Ybnnudnipgut dbpnnp pudwlwiht hwennywd b L wil Yhpwnb) E hudbbpught
ubjudwpwbngut, ubudwluwnt shtwpwpmpgut b Bphpa$hghlwh wmwppbp
futinpplibp jnudbnt dudwbwly: Uy dbpanh wnwbngegniitbpl BU° wwpgnuyegniup,
wprynbwybnnpnitp, dwasbhnygniup b woluwenwbph gudn qwght wpdbpp:

Yphpwawd  bnwbwlh  wpyebwdbongnp  glwhwinbine hwdwp,
puwnpuls b dby sbtp, nph Jpw pwqiwlh whqud hpulutiugyb) b swihnulubp,
dbppnuduby b hudwwunwohuwbiwpwp unngubp: Whnthtnbe plunpws sktpbph b
npwig hpduwwwlbph gpnidntbph nhtwdhl pngwgpbph nwnuwohpogewl
hwidwn gbupbiph jnipwpwtgnp ubyghuwgh wdb hwplpnw, fuswbu bwb npwlghg
noy, 2ppuwljw wwpwdpnud hhfiwewlbph gprtuntbph gpw, Guinwpby B
gnpdhpwihti gpwtignuiubp” dhypnubudbph swiehnuibp: Snpwpwtsmp Yennud
swithnuits ppwlwtiwgdby £ 5 p wlinnnupguadp:

Pugh wyn swin Gupling £ Yhpwnwd bnubwlh 6han oguwgnpdnulp,
dwubwynpwwbu, wihpwdbon b dhypnunwnwtnudubph gapdhpwht swihnuubph
dwiwbwly  funwwihbp  npwbuynmnughts dhengbph bppliblinge)w
wqnbgnignibhg b wy|  dznwlul  wnpnipbibiph  wqnbignugnishg,  npntip
wnwgwgbinul b gpriinh L bbpbph uwbqupnn nwnwbnuiubp: <hnliwpunp,
swihnuiubpp Yunwpdnwd BO ghobpughte dwdbpht, npubugh gpnitanh b sbbpbiph
nuwnwbnuitbpl wnwgwgwd hubl dhwits puwlwl dhipnubyudbphg:

Uptuunnwtipnud dhlypnubjudbph. wwyblpnpuiht punwnpulugdp npngdby £
hwpdnuhy yepridniput dbpanubiph dhengny niilighwih uwblnph npntdul
Swhwwwphny: W buwnwlng Jbpmdgnud £ dhlypnubjudbph gputignuiubinhg
unwgywd Ynpp, npp puwnpnwd £ hwonldy pungphngem, duppwsd wndnlhg, L
Ubpdrdfnul £ «Mathcads  hunfwlywpgswht dpwahn:

sMathcade hwidwlwpgswht hwbpwhwah hwdwlwpgnud bbpdndywd
dhlynnubjudliph gpuliglwl wdjwbpp dawlnud U dlpmdynud by Sapgih swpph
dhengny, npp Ubplwpwgdnud £ wwppbpwlwt uhbnwnhnughte wwwmwbnuiubph
gnuiwph nbupny.

f(x) =2 + EfLy(ay cos kx + by sin kx) , (1)

© National Library of Armenia

npnbn agl, @yl L bU  Srpbh $nllghwih  gnpdwlhgubpl bl Wn
annowlihglbph  Shgngnd  uwnwginul & hwndwwuawsluwl  hundnbhlh
wiwyhunnunp hnlyw) putodlong.

Ty = 'ﬂi + b; : (2)

Ujunihbnle widbt Jh htwwgnunn Yenh hwdwp Yuengynud Bu Snipjbh
uwbiywpltinp b npnaynud sblpbiph nhtbudhlwljwl punipwapbpp:

bppopn_guunud Yuinwpwd  pwepwydwl gnpdwpynuiibph - dhgngny
nwndtwuppyby BU nwppbp Ynbunpadgahy hwdwlupgh 2btspbpp, dawldb L
Joppidaft;  Bu dhypnubjudbph  swihnuiubphg  wnwgywd - gputignulubph
uwblynpbipp (LY.1):

180
L
=150 0 05 1 15 i 25 3
150
o
150 0 0 1 18 2 25 3

150 0 06 1 15 2 25 3
150 1200
0 e A Sl ket
150 0 o5 1 15 2 25 3
150
0 — 1-hl_
-150 0 05 1 15 2 25 3
5 ;
55 Wriviyimaleitlpfiedeacimv ey
[ 0.5 i 15 2 25 3
w)

Ll 1. w) X pwnqunphsh nuanuegudp N=4 2buph b hhdbwnwlh gpodinh
dhypnubjudph gpulignuiubp’ puwn hwplibiph, p) 26tph panp huplbph X LY
pununphsibiph Snupybh vyblnplibph hudwnpainiip

Chnwgnnniputl opjlin  BU hwbnhuwbnud  bplut  punwpnud
whwgnpdunn puny 15 plwliih 26upting’ twppbip whwbph, Ywnnigdwd nwppbp
gpninbibph  Jpw:  Shupbiph plunpnyginiip Yunwpdby £ bubnd dh - pwtip
hwgudwtphg:

Lwl gblipbp, npnbp  Uwjulhbnud - plwwgwdwl tpnpawnlynuiapm|
nuunwtiwuhpduwd B bnby, uwlwit puwluwbbb Bplwp dwdwbwl (dnn 50 unwnh)
Udwwinhy htnwgninngejniibp st hpwluwtwgdty: Nwnh 2w Quplinp k bl
unnighy wyn 2bupbph thwunwgh Yhéwlp' hudbduwnting Vwhulhunud unwgywd
wijwitibph hwn: Ushuwnwtipnud dnpdwnpluwd bupbph gmgunul Yut pdny 6



wjquhuh sbtpbp, npap Bwhyhbmd mweoddbweppdby B wlwnBdhhnubbp
P4 wwpwwbnuwih b BB, howshjwbh woluwnwiptbpnud:

Gpypnpn  funuipp  Cugworwbnud ot mwpedned guiwd mwppbp
inhuywpuihts ubphwtibph 2blpbpl BU: Clunpdwd sEupbph grigwlynw Gw bwl dh
sbup, npp wihwwnwluwl bwhwgdng bnpwlwnnyg £ Ywhowgdfwsd hudwswl
Ubplywyrwiu  gnpdnn ubpudhly bnpdbph  wwhwbgbibph:  <bwwpppprnii £
wnwgwgh nunuilwuhpb wu 26Upp" hwdbdwinbne hudwp Bnpwljwnnygh L hp
sbupbph nhtwdbl Jupph wnwbdbwhwnlmpnittbpp:

Lbplwjwglb bu sbupbph hhdiwlwl wwpwdbnpbpp, nuwblwptibpp,
hpdwinwlh gprianibph mbuwlubpp (Wygnwwly 1): Popop ghupbph huwdwp
phpyby BU npwig upubdunhl gdwgnbpp, npenbn bzdws B hnwegnngnn opjbiljnh
hwdwwyuwinwuwbwpwn wil Yonbpp, npinkin inbnunpdt) U ubsudhly wwppbpp b
Yunwnby gnpdhpuhts swihnuftbn:

Chupbph ufubdwinhly gdwqpbpp Yunwpb) b hjup pugaitibing ghonwlwt
wyuwnnipnibbepnud waljw Bwhlhunwd  thapswpldwd sbbpbph  uhebdwnhl
ghwapbpp L «Swjwurwbh  wqgquihl wphupds MAUWYS-m waljw  sBlpbph
Uwluwgdwhs thwpbplbtph  dwdwwhwnwlwgdwht ménuwiibph  gdwagnpbpp,
syt tawle Yuoenwpyby BU swihwgpiwl wohuuwnwipbn:

Wrynouwly 1

®npduwplyws phwlbih 2bpbph hhduwlwy plngpwgpbpp L Rpub
hpfuuwnnwlp gpnitwnbipp

Chpulgh 30,
.WP.

3 huupljustihy puipl lgnne wusnbpng g’ 56,0 212,0 103
sty Uisfuusgng ) i) Lyt uial

Upumirhupats 43,

1963p 5 heupljusuh paupt gnnn wpewnbpng sty 50,4 = 12,0 154
wwilahiimnistjiofs Dicfuiging ] {5 LynugSuhuiznts
Ubwrgab 26, 5 peyptp Uiaghpu Urinwnpesighesh 526 %122 155
ety 2bog 1A-450 ngaipuhts bphuzh o o wein
Topandh 3 s st [niagbpu Urtanpeigghagh. 373122 155

. e 26 1A-450 infupupus uiphugh v} i) PG
Chipsgea 22,

I% LU
7 huplpush Undyipu Yrbunnpelgghugh 504 » 148 21.2 UGt
20p Wnpapaipeahl sy @ o el
Yl 2
. 7 hripljusdty Yauplyusnsghi sl paingh
1 = \g,ﬁhll,'l .2
. i 260" g ] ety b pt in o muuuitn
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Wnynuowly 1-p zupnibiulnggnit

Pupmgulyal 9 huplusih umgepupali Zbbp FAxu2 82
- 39, 1584p. 1A-4S1HI unpayainuahils tinhush @ ] QL
Ul 9 husplpaitsh pungnpauapstity iy’ HEaN4 DB
. 138, 1984p. 129 hapeuaiis ot ] I T
Cupreph 243, 9 hupljeith Luplououutiyuhl gy’ 18,0 <180 250
- 1976p. 111 eyl ubppush ) P P e
Pupugubp 9 hupkulih lpuplususputipui g 18,0« 180 288
- 230, 19684p. 11 usihuguspusghly utbeh (1] {2 .
Uinpaubshlgh 56, 9 husplpatsh Luplpooanguibbypuht b’ 36,0 « 11,8 nr
- 1983p. 111 wpupupeabt ubphwish ] a0 || P,
; pusquapnb
Ooppbpudi 31, 9 buplpuh Yuplusssbl g 90:20 BB | e
l 1968p. equititigarghly wusniznng @ 10 wiguepibip
Puuspuaph
Uuaippais usplpau Lopganaabl b 20150 M2 Piudp
@, 1 g -
1570p. ey wpusntipn @ my tenfueiquilpan
(60%) L innch
(0r%)
15 husplpaitsh busjuspnouh-Uhusting
Mugn B9, sl hundulpupogm Zitn’ 183183 45,8
1383p. 538 whugupasbls ubiphiah 0 py Pl
[hslawly’ Pusraywt)
Ml B, 16 husiplauth dhwdny apgutalpulpugust 59,0 <162 552
. 2015p. Jhig whbsmuluts oo @ G} L

Yuinuwpwd hbnwgninnyejniitbiph wpnynitipnud npngyl bu win 2Ebpbnh l.l.
npwbg hhduwwnwlh gpatnbbph  thwunwgh  nhbwdhlwlul punRwagnbpp
ohtpbinh ubthwlwl wwnwtnutbph b gpritunbibinh glipwlnnn hmﬁwhxnnpjnm:
ubiph, wwppbpayenibubph b dwpiwl pquphpduljwt Rbypbdbunh windtpubipp
puwn X, Y, Z punwnnhsubipp:

nppopn. gunud nwnuliwuhpdbg £ dhiyprunwmwinuiubph  gnpdhpught
swihnwbbph  uwblopughlt  pwnunpwluqip b pwgwhwpadby bl
ophlwswihnigniuubnp: Cunhwbnn wadwdp, nunuibwuhpwd stipbiph hwdwp
dhnp pbplwd wpryniipubph hwdwawil pupbph ubhwlwl wnwnwinuiubph
wwppbpnupgnLubph thwunwgh wpdtplbnp bplwbwluwl nnnoyejudp (Y) wiby
bu unwgyb pwb  wibwlwt nngagepudp (X), pwgwnnpjuip, Yndwbpu
ynbuwnpniyghwgh  1A-450, fungnpuwywtip  1A-451 KN, bBpyn Ununpwbih
Lwpluwuwuywiibjught m un iyt ubphwubph L Uhwding|

Lwljuljuwigughte sbupbppp:
£k d:ltlJ.tle!| t:k':{.tghl:j nﬁ Nﬁh ;ﬂlﬂh 1-hits L 2-pny ubilyghwbph hunndwl dwunud waljw
bt wwpptin bgpwywibpny Ygwlwnnygubn (puwlhsibph Ynndhg Ywnnigyud),
npntp by hbbg wannud b sbuph ubhwljwl wuwnwlidwt Jpw b venwgdnud BU
qubwqul  gbpwlpnnn  wwppbpnigynibp,  pwth - np phntwdplbpp
11



hwywuwpwsunh sbt pwjudwd sbuph bplwpnyppudp: buly Jbpght dnunprind
gbpwlpang hwtwfunpmup wibtwwn wpnwhwpnwst £ hwdbdwnwd dgow
dnunpbph. Uzbup Lwl, np ybpght Bplyne ublghwibpnd Gowljwnnyglbp wnljuw sbl:
Lmynuuwly 2
©nptwplywd puwlbh sEupbph swiwd ubhwlwt mwmnmwbnofubph
wwppbpny@nibibpp, bpwig hht hinpdwpwpwlw wpdbpubpp b bnpdbpaud
phpduwd hwdwywmnwefuwt hwpduwplpuht deénupnibbpp
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bunnwpdl b gbupbph  nhwdhly  wwpwdbopbph  dwdwbwlught
Ybpymdnyrts, hwdbdwemdby b hwuemwgh b bnpdbpnud pbpdusd hwgdwpljughl
wpdbplbpp: Wynwuwl 2-nud phpduwd B ginpdwpljdwd pluwlsh sbupbph swdiuwd
ubthwlwt wwwnwinuiubph wwppbpmpnittbpp, pwig bt npdwpupuljul
wpdbiptbpp b inpdbprd phpdwd hwadwplught' hwadwplught dbdnyegnitbng,
htsuybu buwl unwgwd wwppbpnyEnitiibpp %-ubpm:

Ul obtipbpp, npnlig wwppbpnygniiibph wpdbipibpp sk ghpwquignul
hhl swipnuwiubiph wpdbpubph 10 %-p, www puwn «FTOCT 31937-2011» 6.2.5 Ybnh
wudwitibph hwenpr swshnufubpt wyu sbtph Jpw wiglwgynud B Bpln nwpng:
Suju nbwpnd” nunuitwuhpywd Ma2 b N3 sbpbpp:

Pl wijl sbupbpp, npntig wwppbprpnbitbph wpdbpp ghpwgubignu £ hht
swith'wl wpdbpbbph walbh pub 100 %-p, www wn oyl YEweh wupdwtitbpng,
Ldwl sbuph whuihluwiwt Jhéwlyp bupwlw b wwpmwnhp wpowewlwht
hbnwquudwy: Sy abyprud’ munulswuppuwd Net, N2, N5 L N6 sbipbpp:
Chupbph wijunwbg swhwanpdnuip, b, hhwnbwpwp, pbwlhstbph  wle]nwl-
gnipnip wwwhndbn ubudwlugnmput Yuwplinpuwgnyl punhpbbphg dbl E:

Urnwigywd thapdwpwpwlwt wpdbpbpp hwdbdwoendl) B gapdnn « <0
Il - 2.02-20060 Unpdwmpjuwiht tpwumwpnepbprd pbpywd sbtipbph hwdwp
hnphgniwlwl mwwnwumdbbph wnwsht duh T wwppbpnyeput hwogwplught
dedmipgniiibph bl N8 sbUph  hwdwp  Y-h  nuganepudp  glipulznnn
wwppbpnynitbph thwunwgh wpdbiptibpp dnnunpuigbu 50 %-ng £ ounjl)
uwnwgynud Unpdbprwd phpyws hwawpljughl wpdbghg, pusp uwymd £ obph ng
Yngun fhubyne dwupl' npuybu junsnpuugutst shtp:

Chupbph hwdwp unwgwd wprymbptbpp hwdbduwmby B0 gprdinh
dhyprunwinwinwiubph gbpwlgnnn  wwppbpnippwlt wpdbplbph hinn:
Nuwnuiswohpwd npng sbipbph dnn, npnbp wnmgdwd B puqupmb b nnidb
gpminbiph Ypw' nbgnUwbuwght Bplnye wbnh sh mbbbw, ol wyp whwygh
gpnintibph nbwpnud  gpniivnh wnwbnuiubph hpduwlwl wnbh
wwppbpnyriubpp  wpdbpubpp hwdpbljunud B obbph  puwnwinuiubph
wjwppbpnenilubph wpdbpubph hbin X L Y niggnuyggnistibpnu, npnip Yuwpbgh £
nhwnwplybp npwbu gpadenp Jpw ssuph onwnwtinefubphg ginfuwtigynn huwljwnpuwpd
wqnbgnipni:

Pwgwhwpndby b gbbpbph L ppwig  hpduwwwlbph  gpriinbph
hwdwinbn wrhuwrnwbph wnwdtwhwanlnggnibbpp: Umwgdb) £, np puqupnb
gpmitintbph nbwpoud whuwpuaghte 111 ubphwgh 2boph ubhwljw wunwbnefubph
wwppbpnyniuubph  dhehtwglwd wpdbpubpp wibh Jdbd b, pwb dplingu
Swijwwhwinwljwaswht  mbdnuiubp mibbgnn YnwSwhuwnl gpadintbph  Jpw
unnugyusd sbtiph wpdbplibpp:

Lljunmby B ophtwswihmpmitibbp bps bk bnp sbupbph  uwbljuipusght
pununpulwginui: Unwgdby £, np h nwppbipnuggnits hhis sbipbph’ Unp sbpbph
ublupught pununpuljwgdnud  gbpulgnnn  ququebwlbnbpp hunwly B
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wpnwhwpndwd  (LY.2): Tw Yupon £ oywpdwbwdnpdwsd hub bpwum|, np
dwiwlwlh pupwgpr 2Euph Ynbunpniyghuwynud wnwgwlnud Bu dhipnéwptin,
phpnipnitiubp L 2bupp ulunud £ dinfuby hp wwnwttwl opplwswignipgnilip b unp
ghpwlznnn hwwfunpgniiubp BU b hwpn quijhu, npnbp wybih thnpp B, pwl
ulygplwljwt wpdbpp:

i Nel, Y & Nel, Z

i Nel, X
100 | 100
50 'E N “ ! Hh’l 50 |
0 -H' ey Tl i I e M

L v} L i . | [ i St Lo —ak -
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1 44 12 13 14 15 11 12 13 14 15 18 i 11 12 13 14 15

Ll 2. €ht b tnp gbupbph X, ¥ b Z pununphgubph Soupgbh uwybiljunptibiph
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LY. 3. N9, Ne10 L Ne14 phtipbiph kugnaplibpp

Chwnwgnumb t LG L wwnuwlinuiubnh wiwypunmurubph
ququplwlinuhl wpdbptibph pwztunwdl pun hwplbiph (LY.3): bpb sblipp
wwowbgowd o npoybu dby dhwubnpgnds,  wwwe gdwngpbio
hwpusjnpnupgniiibpp pwpdp B, pulh np phntjwdpubpp hwwuwpwsuh bl
puipfulwd: bpb sbuph Oh dwup wwnwlgnd £ dbl opbph hwdwdwl, huy tijniu
dwup’ wy, wuw nwnwtnuiubph hwlwewnwufuwl wuenybpnud hupntdnud £
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— e
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wjugby  Ynsfwd hwdwinwpwdnipwl fugeud: T, hwdwbwpwp, 2BUph pay|
huwnwdt £, U winnbn Gut puptijwd pbpngpgnititson:

Wyuuyhum), pdwtwgny pbprygnitibbnh dagppun ibnuwitugnudp, wiimthbmb
Yupbih £ oqunwgnpdt undnpwljwl defuwihlwijwt gnpdhplbip, hugt £ pay| uw
wwpghby, ph hts £ wbnh ndubbnw 2buph Ynbuwnpnighwinud U wprygap htwpwynp
£ ybpuglib) huwpusnp Juwligh wapinipp: B wju futinhplipp rdtay’ vnwgynu
k intunbub) puwijpwisht dbd dundwtnuly, wpuwnnd b dhenglibp:

GRrUYUSNMEG3NMLLEN bl WHLSUMrYNMNE3NhLLEN

1. Muwpqupwinj £, np nundfowoppdwd pupb Ypnn wwanbpmg ntiunpmdopy
hwdwlwpgny  2bbpnud  Ygwlwnnygh  wwwiwnny npw  Ynbunpmidynpy
wipnngwlwlinembp fuwhengws £, b wjl sh wphownnud npugbu punhwbing
dhwubimpnit:  buly  whywpught 14450 wbppwih  sbupbph  pbwpoul®
Unbunpmilypnfn]  mdnufebph phprepgwlt wwintwnm]  sbipbpt nobt
hwdwwnwpwdniwl fugrnd b wewhuh Juppwgdh gbwpnud  dwidwbwlh
pupwgpnul sbtpbph Ynbuwmpridgghwbbpnu wnwewbnud B Swpbp, npntp B
pruwgtnud b sblpbpp:

2. Uwnwgdby £, np dhliingl dwiuqubuwnnwljwgdughte mdnofibpng mpugupught
111 ubphwyh 26Upbiph hwdwp pwqunb gpadintbph nbwpnul 2ELph ubgwwl
wwunwbnuibph wwppbpngmbibph dhehtwguud wpdbpp wybh d6d £, pwt
Yrugfuwiuwnb gpriinbbph dpw Yuwnmgdwd setiphup: W duwuwnp Gwphp miup
hbnwquw  dbljwpwtiduwt’  wy  gpaliugh wuwydwlbbpnu Yunnigws
uhwwpuwhts 111 ubphwyh sbupbph hwonwgh phwdhljuwlwl pumpwgpbph
hwpnliwpbpdwl mJbpmdnypwtn dwdwtnul:

3. Nunuiuwuppduwd Bnpwljwnnyg, dhwdny bpluweppbontb sbtph vwblopught
dopnudnuapuls wpryniipnud wwpguby £, np X-h ninnnigguadp 1-he b 3-pn
bgpuwyhts ublghwibpnul 6Ll nup Bplyne gbpwlznnn hwdwhingemttibp, ol
2-pn pwppwiht  ublghwyrud,  plgybu bwb Y-h nnanippudp  prpnp
ublpghwbtbpnud th Uhwgnud qu: “Hpw wwnbwnli £ hwtinhuwbnud sbbph
prupduwljwht (Yntunpupt) dwubph pw waljw swmjwdpp, np wbjwglinu £
sbuph Ynaunnugeniop, L bgpught ublghwubpnd wyn pupdwlobph purphwbng
dwlbpbul gwen wdbh 0 £, pwl swppught ublyghugnd:

4. Znwgrnb) £ wquin nurwtimudibph wdwunnbibph quguiptiolymuwghi
wpdbplbph  pwunuit punn hwplbph: Powwwpdwl  dhopdwplnudubpng
uinwgywd nwwnwunuiubph wdjhmmnubph bugmpubph obupp pugdushusply
abpbiph unnppt L Ybpht hwplbpnud bwwbu vwppbipdoud : dbpndnippu
wprynipnud winwgdusd Bnp oppbwswihnipgmtibbpp wphp At hbuweguw
dbtputduts:

5. Cwdbiwinwljwl Jopmdnipwl wpyniupnud wib sbupbpp, npntp bwiulhn
hbnwgnunduwsd G bnb, L npubg ubhwlwt  owrnwomdobph
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wwppbpnygnibtbpp whb) b wabih pwl 10 %-nd, www pun «FOCT 31937-
2011»-6.25 Ybwnp wwpdwbbph Udwb gblpbiph wbubhlwlwl Jhéwlp

bupwlw b wwpnwghp wponwwubwht hbnwgutdwt, dwubwdnpubu, .

hbunwgnunywd 3 b 5 hwpljwth pwpb Ypon wwnbpad W 7 hwplwbh giupbinp:
6. Pnpdwpywd gbupbph  hwdwp  unwgdwd  hwunwgh wjwppbpnu@wl
wpdtipibpp hwdtidwndt) B gopdnn «<<EL 1-6.02-2006s Unpdunnhiduhl

thwunwpenpbpnd  poplwd  hwdwwywnwopuwlt  odueibph b
Pwgwhwpnby £, np npng 26Upbph hwdwp unwgws hwenwgh wpdbplbpp

huwiplilyb b Unpdbipnud phipdws hugywnlwihts wpdbpbph hin, ul duwgwd 7

shtpbiph nbwpnu’ qguih wwppbpniEiniilbn bu unwgyby (ophtwly’ 129 '
ubiphwih 9 hwpluith fungnpuuwt) gupnud dhusk 50% £ uinwgty):

7. Pwgwhwpnby bu npnzwih wowbdUwhwwnlmpgnibbp bht L unp 2lpbph
uwybljunpught punwnpulwgdnui: b nwppbpayegnit hp 2ilpbiph’ Unp sklpbiph
ublpnpught pwnunpulwgdngd  hunwly  bplinwd BU - gbpwlnnn

ququpbwlbwbpp:  <ht sbbpbpoud  Bpbh  uwblpapubph  aanwéhg 3.

punwnphsh (Z) nnnmpudp syt Jun wpowhwpunluwsd ququipbwlbubp, L
ququplwltwbph pungpynypp pudwlwbht g £ huy unp gbupbpnud
huwnwl wpwnwhwpngnud B4 hhduwlwl wnth glipwlznnn hwbwfungoibtp:

Cunhwbng wadwdp vnwgwd wprniiplbpl nuby. ghnwlhpwnwlwl

Vpwbwlnipnit U Ywpnn Bu hwadh waltlb) punwpwzhtniput bnpdbpnud, 4.

dwubwinpwwby, «<CGL 116.02-2006»  Unpdwwinhught  thwunwpnph
hutwwwinwuuwl Yanbph Yunwpbregnpddwl gnpdnud: Unwowplnud £ GhUP-
h Ynnuhg towldwd unp ubiptinh whunnpnghy hudwluwpgh dhgngny hpwljwlwgliby

wnwyl)  jwibwdwlw)  hbonwgnnnigniitbp,  bwwaowlwngndws  pbuptiph 5.

owbpwnhy wbutpwlwl Jpéwlh hbnwqbnepgut b hwdwyunwufuwbwpup
ihwurnwgpiwl phwwywidwl hnpwplnuiibph dhengn:
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Winbinw funumpub phdwing hpuomopoljgod wowmwbplibp

Kapanersn Jlw. K., Mxwrapan JLA., Adipanersn OJ0. Huctpymentanshoe
obchenoBanine AMaHHi ¥ COOPVMEHHR B HATYPHRIX VEAOBHAX M OUCHKA MX
TEXHWHECKOTD  COCTORHNA. [eonoro-reodueziteckne  HCCHENOBIHNS  rAVGHRHOTD
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Afipaneran Oranee Kpacsny

Mri'onum. H PEIYJLTATH HOCJIELOBAHWNA JHHAMMMECKHX
NAPAKTEPHCTHE 3MAHHI PATIHYHBIX KOHCTPYKTHBHBIX CHCTEM
HATYPHBIMH HCIIBITAHHHMH

Peuome

B amccepraumonnoil paboTe paceMOTPEHW BOMPOCH METOAWKH W PE3yILTATOR
HCCAeA0BRHH THHAMAMECKNK XaPAKTEPHCTHE 30aHHI PRAAHYHEIN KOHCTPYKTHEHBIX CHETEM
HATYPHEIMH HCHLITAHHAMH,

Mayuchue NOBEISHMA 303HHA M COOPYMEHHH B HATYPHEIX YCIOBHAX SBAACTCA
BASKHON 2a0aYel HAYMHO-HCCNEA0BATIBCKOTD o NPHKIAIHON XAPAKTEPE, B HACTHOCTH, 114
MOHHTOPHHIE HX TEXHHMECKOTD COCTORHHA M NACTOPTHIANN, HTO SRIRETCH AKTYILHEIM
ocobenno Ha TCPPUTOPHH APMEHHH, YHUTLIBAA AKTHBHYIO CelCMBYHOCTE PEMHONA.

B pabore WocAenoBaibl AHHAMMYCCKHE XAPAKTEPHCTHRH Biamuil paiHuHLIX
KOHCTPYKTHEHELX CHCTEM C UENEKD BRABNEHHA HX 0COGeHHOCTE MO OAHHBIM HATYPHLIX
HECTTHITAHHIR.

Menonk3opaHias HaMi METOAHER HIYMEHHA nopeachus 3gamnfi nposefgHa ¢
HOMOLLER MODHTEHORN celiCMOCTANLNM, COCTOALIEH H3 TPEX NPHEMHHKOR — CellcMOAaTIHKOR
CM-3 (asa ropmsonTaneamx (H) — N-5, E-W, caun sepTHEAnLiL koMnonent (V) - Z),
obmero Gnoxa npeobpasoBanMs, ynpamnenua W permcrpaums npomisoncrea MIHC
HAH PA.

Ha kanoM 9TKe H BO BCEX CEKUMAX HCCNEAOBIHHMX 3aanuil, a Takke Ha TPyHTS
OCHOBAMHA TPOROIMIMCE WIMEPEHHA Mukpoceiics. Onpenenanmch nepuoasl koneGamii
ypanmii W s rpynmos B nonepessios Tx, B nponoassom Ty, w seprukamenom Tz
nanpasaennax. [lpensyiiectsa cnocoSa B TOM, 41O OH NPOCT H MOKET GLITh HCNOJLIOBAH
AN MACCOBLIX MCTILITAHKI B PAAIHYHEX NEPROEE IKCTUTY ATALHE COOPYIKCHUA.

Hasmepeiiina GHAN NPOHIBEAEHE B HOUHOE BPEMA AR TORO, 4100k KOneGanis IpyHTa
i 3aHHil L BEABAHEL TOARKD SCTECTBEHHLIMH MHKPOCEHTManMy,

OGBEKTOM HCCNCA0BANMA ABHAKHCH 15 #owabix 3annil ropoaa Epepana, paxinuinbx
THIOR, BOSBEICHIBX HA PAsHLIX FPYHTAX OCHOBRHNA, B 4acTHOCTH, HOCNEN0BAHN LIAHNA,
KOTOPBIC IKCTCPHMEHTANBIMM TyTeM pasee w3yuensl yqenwmn BK. Kapaneranom w
9.E. Xauuanos, HO A5 KOTOPLEX B Te4enne noctatotno Goasmoro spesenn (oxono 50 net)
noaobHL HenuTamnd e nposomiick. [lodToMy OucHE BEAHO NPOBEPHTH (AKTHHCCKOE
COCTORNNE TNAHAT, CPABHUTE HX JHHAMIMECKHE XAPAKTEPHCTHRN M JAHHBIE NOTYHEHHBIX 0T
pance nposefenns pabor. Bo wropoil rpynne MCCAGIOBAHM IAAHHA PASHMIN THIOBLLX
CEPHM, KOTOpLE LWHPOKO PAcHpoCTpaneHsl B Apmenin. HOCAenoBaHO TAKKE BICOTHOS
JMINE, WHINBHAYANLHO COpOSKTHpOBaHHOe ¢ Yyaerom Tpebosanuil AeficTRyimus
CEHCMHMECKHX HOPMATHEOB.

Jina gamnofi wocheayemoll TOMKH nocTpocHs cnekTpul @ypee. Beinoamen
CIIEKTPANLHENT AHANHI 110 TOMYMEHHEIM IKCIEPHMENTATEILIM JAHHBIM HHCTRYMEHTATLHON
sanuci. BLnH onpenenetsl AHHAMAYECKNE XAPAKTCPHCTHEH ITHX ILAHAR W HX TPYHTON
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AHAYEHHA NPeofNANAICIINE TEPHOI0E W 9acToT koneDannil snanmi w rpyemos & X, Y w 2
HANPABACHHAX, 3 TAKKE THAYCHNA NOTApHMUYSCKOTD JEKPEMENT JTYXANNA,

Buisnnensl  JAKOHOMEPHOCTH N0 MIYSNCHMM  CHCKTPANBHOIO  COCTARA
HHCTPYMEHTANBHEIX 3anuceli Mukpoceiicm. PesynsTaTsl HCCICAOBAHME NOKAIKIBAIOT, 4TO B
PACCMOTPEHHBIN IMAHHAX © KAMECHHBIMH HECYUIHMH CTEHAMM, HX KOHCTPYKTHBHAR
UENOCTHOCTE, KAK GAMHAR ULIAN HAPYUIEHA,

Brispnens ocobenmocTs cosmecTroli paboTi amanmit s rpyimos. [na Gasansrosnx
nopoa IHaveHHs npeobranaoiere nepHosa xonefannii rpyHTa B TPEN HAMPABNEHHAX
CYIISCTRSHHO PATTHYANNTCA OT NEpHOA0E COBCTECHHLN koneGanui 3aamuil, 1 B cnexTpax
Pyphe HMETCH APKO BRPAKSHIHE NPeobianaionine MHKK. B cayyan QHcnepcHbix rPyHToR
B cnexTpe Oypee oT MAkpokonetanuil rpyHTI HMEIOTCA MHKH ¢ HEOONBIITHMH AMILTHTY AAMH.
IHAUCHNR NEPHOIOR OCHORHOTY TOHA KONeOaNHA TAKHX FPYHTOR COBNAAZIOT © IHACHHAMN
nepioaos konebanudl amanufi B X #Y nanpaniendax, KOTopLIE MOKHO PACCMATPHBATE KK
oDpaTHOS BOANSACTAENE HA MPYHT, NEpeaasacaos oT konebanni 10amHa. B sTom npossanoTes
oCoDEHHOCTH COBMECTHON pafoTh! MAHHA W IPYHTI,

[pecSnanaome mepHoIsL, TTYMEHHNE T8 HCCIEIVEeMBIX JANNHA, CONOCTARICHN
€ COOTBETCTBYIOUHMH AAHHBIMH nopmaTHBeos «CHPA 11-2.02-2006». Ycranomieno, 4ro
(haKTHYECKHE IHANEHNA, NOMYHEHHHC 1% HEKOTOPEIX N3 MCCNEAOBANKLIY 3TaHMIE, nouTH
COBMAAAMM € PACYSTHRIMM FHAUCHHAMM, NPHBEACHHBIMH B HOPMAX, B TO BPCMA KaK LA
APYTHX 38NN OLUTH NoAYYenn paamama 0o 50 %,

Boiseiennl  JAK0HOMEPHOCTH  HIMCHEHHS [MHAMMYSCKMX  XAPAKTEpPHCTHK B
HBHCHMOCTH OT [IAMTEIBHOCTH IKCIUTYATANMK 20aHuA. DaKTHYICCKHE IHAUCHHA NEPHOL0B
cofcTeeHHMX Konehanuil Inauuii N0 CPABHCHHEY C PAHCE NOMYHMCHHEIMH IHANCHHAMH ¥
paznbix 3mannii poapocon ot 3% no 24%. Jns agannii, IHAYMCHHE NEPHOOOR KOTOPHX
npersimaer Gonee wem wa 10%, mo yenopmasm mymkta 6.23.5 «FOCT 31937-2011%,
TEXHHMCCKOS COCTONHME Takux amanuil nomnewuT obMATENEHOMY BHEMAAHOBOMY
obicnenopanmo.

Hecnenosano pacnpeieneHne NTHEOBLIX THAMEHAH aMnanTy I ceoboanmax konebanni
no ataxaM. B peayasTaTe A% BEICOTHHIX 3AAHHA B HIKHHX H BEPXHHX ITANKAX BHA
MOCTPOSHHEDX MOP CYMIECTHEHAO OTANYACTCH, JAKOHOMEPHOCTH, MOTYICHHEIE B PEIYILTATS
AHATHIA BHIMNIHERHBIX NCCASIOBAHK, TPeOVIOT L0ONONHHTENBHBIX 000CHOBARNT.

MMonyuenneie B AnccepTaunoHHCi pafoTe pesyNbTATH HMEKT HAYYHO-TPHKNLAHOS
THAMCHHE M AOMKHE GLITE VUTEHR B HOpMaTHBios gokysente «CHPA 11-6.02-2006:%.
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Hovhannes Yu. Hayrapetyan

" METHODOLOGY AND RESULTS OF EXPLORING THE DYNAMIC
CHARACTERISTICS OF THE BUILDINGS OF DIFFERENT STRUCTURAL
SYSTEMS USING FIELD TESTS

Summary

The thesis addresses the sudy of the dynamic characteristics of the buildings of
different structural systems using field tests.

Studying the behavior of buildings and structures in the field tests is an important task
for scientific research and applied purposes, particularly, for monitoring their technical
condition and certification. Because of the high seismicity of the region, this issue is relevant
especially in Armenia, where the instrumental study of the buildings is of great importance
from the point of view of their safe operation.

The aim of the thesis is to investigate the actual dynamic characteristics of the
buildings of different structural systems and reveal their features using field tests.

Cur experiments have been carried out by using a mobile seismic station, which is
consists of three receivers — seismic sensors SM-3 (two horizontal (H)} — N-5, E-W and one
veriical component (V) — Z), 8 input logger, powered by IGES MAS RA.

Microtremors have been measured on each floor and in all sections of the buildings,
and on the soils of their bases. Then the periods of the vibration of the buildings and their soils
have been determined in both the transverse Tx and the longitudinal T, and the vertical Tz
directions. The advantages of this method are that it is simple and can be used for mass testing
in various stages of operation of the structure,

The measurements have been made at night so that the vibrations of the soil and the
buildings have been caused only by natural microtremors,

The object of the research was 15 residential buildings of different types, erected on
various foundation soils in the city of Yerevan. There are buildings that have been previously
studied experimentally by scientists B.K. Karapetyan and E.Y. Khachiyan, but for a fairly
long time (about 50 years), such tests have not been carried out. Therefore, it is very important
io check the actual condition of these buildings, to compare their dynamic characteristics and
data obtained from previous work. The second group of buildings is different typical series
buildings, which are widespread in Armenia. The list of selected buildings also includes a
newly-erected high-rise individually designed building.

For each investigated point, Fourier spectra have been constructed. Spectral analysis
has been performed based on the obtained experimental data from instrumental recordings.
As a result of the research, the actual dynamic characteristics of these buildings and their soils
have been determined, particularly, the values of the dominant periods and frequencies of
vibrations of the buildings and soils in the X, Y and Z directions, as well as the values of the
logarithmic attenuation decrement.
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The zpectral composition of instrumental records of microtremors has been studied
and regularities have been revealed. The research results show that in stedied buildings with
stone load-bearing walls, structural integrity is broken and does not work as a whole.

The features of the joint work of the buildings and soils are revealed. For basaltic
soils, the values of the dominant period of soil vibrations in three directions differ significantly
from the periods of free vibrations of the buildings, and in the Fourier spectra, they have
pronounced dominant peaks. And in the case of dispersed soils, there are many peaks with
small amplitudes in the Fourier spectrum of micro-vibrations of the soil. The values of the
periods of the first tone of the vibration of such soils coincide with the values of the periods
of vibration of buildings in X and ¥ directions, which can be considered as the inverse effect
on the soil, transmitted from the vibrations of the building.

The actual values of the dominant periods which have been obtained for the buildings
under study, have been compared with the relevant data, presented in the current regulatory
documents “CNRA 11-2.02-2006". It was found that the actual values which have been
obtained for some studied buildings almost coincided with the caleulated values given in the
norms, while for other buildings differences are up to 50%.

The patterns of changes in dynamic characteristics depend on the duration of operation
of the building are revealed. The actual values of dominant periods of free vibrations of the
buildings, compared to the old values in different buildings have been increased from 3% to
24%. The dominant periods of those buildings, which exceed the wvalue of the old
measurement by more than 1084, according to the conditions of paragraph 6.2.5 of “GOST
31937-20117, the technical condition of such a building is subject to mandatory unscheduled
inspection.

The distribution of the peak values of the amplitudes of free vibrations of the buildings
according to the floors is investigated. As a result, for high-rise buildings in the lower and
upper floors, the form of the constructed diagrams differs significantly. The new pattemns
which have been oblained as a result of the analysis require further interpretation.

In general, the results that have been obtained have scientific and applied importance
and can be taken into account in the regulatory document “CNRA [1-6.02-2006",
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