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PLiwih wpnhwhwinipjniGp:  UnbGwfununipjwl  hbnwagnuinepywl  opjtilywnp
hhnpntGepgbwnply  JuenygGeph  (06¢ wphbunnwlywl  gpwipwnlbiph)  ubjudhy

phutnwynpdiwG (WnGhpnphGgh) wyinndwwnwgywd hGpnpdwghnb-swihhs hwiwluwngl

b Wn YuwnenygGbpp, npwlg pwpdp  wwwnjuwplbpp ubjushly  wagnbignipynlGhph

nbwpntd hwinbu GG quihu npwbu pwpn nhOwdhy hwiwlwpabin: Gplwpwdudybn
swhwgnpéiwb plpwgpnid wuwindwph Yuenigwdédpnid  nwppbin wwntwnbbpny
wnbnh LG nuGhGnLd whgwblwih nEdnpiwghwibp L dindinfuncpynlGGtip, npnGp Yupnn
r11] pLguuwpLIn npuknpytp  Bpypwwpdtiph dwiwbwly’ Gujwuwnbpny
wybpwéneg)niGlbph  wowewgdiwln:  Wnwhuh  Ywenygltph  Jwppp  ubjudhy
wqnbgnipyntGGbph  nbwpnud  Yulfuwgniwybine  hwidwp ugdwybpyynid £
gqnpShpwihG L Gpuypwdbhghywywl  nhnwpynudbGbph - hwdwihp guwbg, npl
hpwlwbwgbnid t ubudhly wwwnwhwnpbbph  pwgwhuwjinnud  nu gpubgned:  Upn
nhuwpynuiGbph wpynilpned Juenygh  Jhtwlh  JGpwpbinu) uwnwgynn
hGpnpiwghwl  hhdp b Swewnd  YuwenygOtiph  Gwfuwaqédwh  dkpanhlwyp
Ywwnwnbiwgnpédwa, ubudhy ndbph Shan hwweiw, poswbu Gwl wihpwdbzn
hwlwubjuthly YwGhuwpgbhs dhengwnenudGbph wighwgiwl hwdwnp:

Lpdwd  hbwnwagnunnepinilGGbph hwiwp GG Swnwnud ubjudshly dnGhpnphGgh
wyunniwwnwgywsd  hwiwyuwpgbpp (Uﬁuq), npnGg  wpmyniGwdbn  gnpéwnnudp
qLiuwynpuybu wwydwiwnpdwé b hwdwhwpgnud oqunwgnpéinn ubjudwswihhsbtiph
pGnipwagpbpny’ npuwig G2qnunLpjwdp, wnwagwqgnpanLpjwdp, wpuwphG
wqnbtgnipntGhbph GUwwndwdp YuyniGnipjwdp: Qnjnipynil nLGkgnn
ubjuiwswiphsGepny hGwpwdnp b gqpwgbp ubjudhly nwwnwbnudbiph pwywlywh
(wyG  uwbywp:  UwlwG  oquuwgnpédnn  ubjudwswihhsObph  swihwghunwlywa
pGnipwgptipp Shawin gk, np pwdwpuwpnud GG jwihiwG npwyhl  GEpYuwjwgynn
wwhwbelGbipp, npp  wwwdwend  JbpehG  wwphGphl ubjudwswinegywi
piwquyuwnnud  hwnjwwbuy Ywpbnpdnud B whbqnEEyunpuwlwt wpubibpwswahhs -
utjudwswihhsGph  dawynuip, npnGp Gh Yuwplnp wowybinipynih nlGEG G)jneu
ubjudwswihhsGbph  hwibdwwnipjwidp.  ngpulg  GpwihG  (wpnuip  nenhn
hwibdwwnwyw t ubudhy nwunwiiwl wpwquwgiwlp (w)l hwiwhuwhlG tnhpnypndd:
Nw  hGnbwGp t wG pwGh, np whbgnuwpph  ubthwywb  nwnwinuiGbph
hwiwunipynuip puywlwohb pwpép £, hGsh 26nphhy hwennynud £ fwwbu dEdwglly
uwpph  swihnuiGbph  hwdwhuwhlG  whpnyph  JbphG  uwhdwGp:  Mptgnunwpph
Yppwnnuip ubjudwgwihhsGepnud poyp b nwhy Gwb pwpdpwglbp  swtnudbbph
dwiwbwlyuwihG  Yuynibnipnilp, qquiylnipintbp L Gaqpunepynibp,  thnppuwglbip
YnnuyhG qauyGnepyntlp b zpewlw dhewdwjph eapdwunhdwbh wqntignipynilp: Uju
wnnuwing  pwpbpuddweé  swihwghnwlwt L whwonpénnuwh  plhnupwgnbipny
whbgnkEhnpwlwt ubjudwswihhsGiph dzwlnudp Guwpbnp ne wpnhwywG fulnhp £
nunnywé UUUR-GEph Yuunwpbjwgnpéiwbp:

Uphuwunwph Gwuwinwlyb £ pwpbwydtp ubudhly wqnubzwbibph guthdiwb b
gpwigiwl hwiwlwpgh swihwghnwlywl no whwgnpénnulwb  pGnipwgpbipp
Gpwlbind nu Yhpwebind wyn hwiwluwpgnud  whbiqnt Ghunpwlywh  ubjudwswihs,
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npwtiugh wwwhnydp plnwGws nhGwihly ne hwdwfuwhG nhpnypbEpnud ubjudhly
unwinwlnuibbph Sagphwn swihnud, pduwyhG nu gpw$hlwlwh gpwlgned, swithnudltph
wpmynilplbph  hwnnpnud hBnwdnpnepywG dpw wnwlg  hGdnpdwghwjh
winuijuniwb:

Unwownpywé Gywwnwlyb hpwgnpébiine hwdwp uwnwpyby b

e ubjudwswihhsGbph Yuwrnigdwh ulygpnilGplhph nuunuiGwuhpnipyncl, npwig
wbfubhywywt L jwihwohnwlwh  pGnipwgpbph hwibiwnwlwh
dtpinusnipynil, ufuwwlpGbph  hhdGwywG wnpjnipGbph  pwgwhwjnnid,
pupbudusé  swihwghnwlwl L whwgnpénnuywl  pGnipwgpbipny
whbqnt| GYnpwywa wpubiEpwswihhs-ubjudwswithhsh dawliwh
wlhpwdbainnipjwl hhdGwynpnud, wyn phnipwgntph pwpbpwydwh wewybi
hbpwhywpwjhG ninhGEph pwgwhuwjwnndd,

o  pwpbjuwyywsé swihwghnwlywl L whwgnpénnulywh  pGnipwgptpny
whbgnt byunpwlwh ubjudwgswihhg unbindbnt Gwwwwlynd  Gnp
Yuwrnigwépwyhb nt ufubidwhG (neénuilliph Gawynud ne hnwgnunncy,

e whbqntibywnpwywh wndhsh Yweniggwsph L ubjudwswihhsh tGYnmpnbuwgh
ufubdwgh dwlyned,

o whbgntunpwlwt  ubjudwswihhsh  gnpéwenipjwl  dwpbdwinhwlw
tnnbh dawyned,

o whbgnt Ehunpwlwh ubjudwgswthhgh
swihwghunwlwo Ytpnednipywl L
ttipnnhywbbpp dzwyncd,

e Gywlynn ubjudwguchhsh  hwuwGGh  swhwghnwywh  phnipwgpbiph
nbuwlwh JEpndnepynel,

e ubjudwswiphsh Gdntzh
hGwnwgnunip)niG,

e ubjudwswihhsh wzfuwwnwiph phutnwynpnud ophGwyth YhppnuwnbOnh gpur
npw gnpéwniwl wewGdbwhwwnynipniGbbph npnadwl L hwdwplw)hh
swihwghunwlw pGnipwagptiph unnegiwb Guwmnwlyny:

Shunwlwbl Gnpnupp.

1.  Unwowplyyby 60 whbgnkGyunpwlwh ubjudwswihhsh Gnp Ywrnigwéspwjhb
nt  ujubduyhG  (nonudGbn, npnip  wwwhndnud GO0 swhwghnwywb L
whwgnpénnulywh pnipwgpbph pwpbpwynud:

2. Uwidby bt whtgnbEnpuwlwh  ubjudwswihhgnud wqnuiwGGbph
YtpwwipnfudwG  Jwpbdwwnhywlywl  dnntp, npp hwadh b wnlnud
ubjudwswihhgh gnpéwndiwl wrwbdbwhwnynipniGhbpp L Yuwy vwhdwbnud
mw  swihwghnwlwd  pOnipwgnptph oL Yhpweynn - YepwuwiintuhsGhph
wwpwdibwpkph dhole

3. Upwldtp t  whbigntGynpwlywl Ub‘JUliLugwmhzh swithwghunwywh
pinipwaptiph  hwdwihp  depntontpjwl - dbpnnhlyw, nph Uhnwenuing
pwgwhwjinyty G ubjudwswihhsh hhdGwlywa L pwgnighs ufuwwGpGER:

4. StuwlwlnptG — qGwhwwdbl GO ubjudwswihhsnud Uhnwnyny
YbpwwihnfuhsGiph wwpwibnntph thnihnfunippniGttiph wqnbgntPINtiatng
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nbuwlwh hGwnwgnunipjwa,
wwpwdbwpbph  hwaywpyh

wwwnpwuwnntd, npw thnpdwpwpwlwb

swihdwG wpyniGph dpw, ghnwlwinpb hhiGwynpyt]” wnwewnplyywé
nbhuGhywiwd  nuedwh  swihwghunwlwh pGnipwqptiph  uwhdwGwjhG
gnigwlh06pp:
Muwyunwwnipjw GEplwjwadnn npnepGbnp.
1. 3nuwlpuyhlG  bpwjhG  wqnwlwiny  whbgnkEywnpwlwt  wdhsp,  npp
Gwhuwwnbugwé t ubjudhy dnGhpnphlgh wywnniwunwgyws hwidwywpgbpnid
oquwgnnddwh hwdwp:
2. Uywlywé ubjudwswthhsnid oguwgnpoyws Yuwrnigywédpwiht L ufubdwhh
(nLénuibpp, npnlp wywhnynud GG swihnudGlph S2gnunepjwb pwndpwgntd
nt 2whwanpénnuwlwh pGnipwanbinh pwnbiwyned:
3. Uulwd ubijudwswihhgnid wqnuwbwhbkph YyEpwwihnfudwh
dwpbdiwnhywlwh dnnbp, wbuwyw hbnwgqnunpjw, swithwahinwlwb
dtpniénipywl L wwpwdbinptph hwzdwpyh dipnnhluwibnp:
4. Ubjudwswihhsh  wwnpwungws  Ginp L npw thnpéwpuwnwyw
htwnwagnunipntGGEph wpnyntGplGnp:
UphuwinwGph YhpwnwlwG GowGwynip)ntGp:
Uswlwé ubjudwswihhsh whbqntiblnpwywt ndhgh Gnp ureniggwépp Guntih
t oguwagnpdbp Gwl wnbGnnghwlwl uwppwynpnudbnh UhppnunwinwGniiGeph
wwnwitnpbph swihiwh hwdwywpgbpnd:
Uswlyyws  whbgnEbiunpwywl  ubjudwswihhsh  Gop o bEGupnGuihG ufubdw
wwwhnymd t ubjudhly wpwaqwgnuiGiph swhdwh Gagpuntpjwl puwpdpwgnd b
pwgwnntd b dhwgiwl  dwiniuh  wwpwdtnpbph  wqnbtignepinilp swithnuiGenph
wpryniGph  Jpw, hGsp  hGwpwynpnepyntd t nwihu whwagnpodwl plpwgpnid
whhpwdbnnipjwl ntwpntd  thnfuwphGlp dwinthup wyp wwpwdbopbn niibgnn
dwgntfuny wewig ubjuiwswihhsh depwswihwpbpiwb b Ywpnn t oquuwgnpéybi Owl
Giwhwinhy wy) swihnqulwl hwiwlwpgtipnud:
Onpdwpwpnipjwip  hwunwnyty o np Gawljwéd  ubjudwswihhin Ywpbih E
Uhpwrby ubjudhy wqnwlwhGbph swihiwd ne qpulgdwh hwiwlwpgbpnud npwag
swihwghnwlwa ni whwgnpénnulywi pGnipwgntipp pwpbijwybine Guwwnwlny:
Upwldwé whbgnt bynpwlywh ubjudwswihhsh gnpédlwlwhnpbh hpwlwbwgywo
Ginizp  hwennnipjwip  wighp b swhwghnwlywd  thnpdwpynuiGbp 33 QGUU
bpypwdhghyuph L hGdGGEPwyhG  ubjudwpwlnipjw@’  hGunhwninunnud,  hul
ubjudwswihpsh nwpwnwnphs nwppbipwyl oguiwgnpdyti b nhGwohy opjklywbbph
ubijuihy dnGhpnphlGgh hwiwywnpgnid:
JpwwwpwlnuiGbpp: Ywinwpdwé htnwgnunnepynibGiph hhGwlywh npnypGEnG
nt wpnyniGpGlpp qbynigyty nu pGhwplyty GO
e 3MG3 Gnudipnt dwulwdjninh EEPUI wiphnGh ghunwitipniuywh ukdhGuwph
Ghuwnbpned (2009-2011 p.p.),

¢ 3MG3 nwpblwh ghnwdnnndbtipnid (2009 L2010 p.p.),

e «hOOnYwghnG wnbluGninghwlbp L dwiwbwlwyhg Gniptipy  dhowaqquhl
ghinwdnnnynud (Bnipwhuhh U. Stpbptnt wiywi whnwlwh hwiwuwpwi,
17-18 hniGhuh, 2010 p.),
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o «dwiwlwlywlhhg wbfuGninghwbbp L UYhpwnwlwl nhqu)b» dhowaqquiht
ghunwdnnnyncd (Bnipwhupp U. Btpbpbint widwh whnwywb hwdw|uwpwa,
19-20 dwyjhup, 2011 p.):
UnGlwhununipjwG  npnyplbpGd nt wpryniGplbnG wpuwgndwsé GG
hpwunwpwlydwé 6 wzfuwwnnipntGGbpncd:
UnbGwfununipjwl Juwnnigwdpp b dwjw
Uwntlwfununipynlp Yuwqddwo k Ghpwénip)niGhg, snpu alluhg,
Gapwlwgnipjnibbbiphg, 118 wlnmb oquwgnpédwéd qpulwlnipjwl guwllhg, 3
hwybidwéhg: Upluwwnwlph plnhwlnip dwldwip 135 te £, nphg 23 top' hwbyws,
wwpnelOwynud £ 32 GYwp, 7 wygnuowly;

UChuUSULLr FUUUNNS ANYULNULNFE3NELE

LbpwéntpyniGnud hhaGwdnpyb k winbbwfununipjwa ptidwyh
wpnhwlywnepynilp, dlwlbpwdb) G0 w2fuwnwiph Gwwinwlyp L nesynn fulinhpGpp,
GbEpyuwywgyt] wnblwfununipjwb ghnwlwl wpnynlbplbpp:

UnwohG qifuntd  GEpYuwjwgywd b ubjudhy dnbhpnphlgh  wywnniwwnwgws
hwiwywpgbph (UUU3) Yhpwenipjwl ninpnlGbph L Ywenigdwh  uygpnilGpGhph
wybwplyp: Unwyb) hwiqudwbnptl nhunwnplyty 66 gnpénn gpwipwnGbph pwnén
wwwjwplbph  ubudhy  ppwdhdwlyh  phunwynpiwl  hwdwlwnqbipp,  npwGg
gnpdwnnipjwlb wnbuwlwh hhdnLGpGhpp: UUU3-Gepnwd oguwgnpdynn
ubjudwagnhsGbphG GepYwjwgynn wrwlgpw)hl swihwghinwlwl L 2whwgnpénnwlwl
wwhwGeGbpp  npnzynud 66 ubjudhy  wqnubwGGph  pGnipwgpbpny  no
wwpwdbkwpbpnd: Yhnwpydbp 60 ubjudhly wihplph wnbuwlGbpp, wqnwiwiGbph
hwdwfuwhG nt wiwhnnenwihG wnhpnyplbpp: UBjudwaphgh swihnnwywb hwignygp
ubjudwsunhhsG £, npp hwywgnnud t ubudhly nwwnwlndGEphl b YEpwwihnfunwg
npwip bbhnpwlwt wgqnwlwih hbnwqw gpulgiwl L dwldwl Guwwnwlyny:
Ywuwpyby b ubudwswihhsbbph nwpwnbuwlbbph jwihwghnwlywh pGnipwgpbph
hwikiwwnwywb Jepnudnipyn, npwig pwpbjwddwh hhdGwhubGnhpGbph L hGwpwynp
nunhGEnpp hbunwgnuinip)niG: 0wywsé yepwwihnfuhswihb wwnpkph
pwqiwquwhinipjwlp, npnGgnd Yuwpbih b ubjudwswihhsh  hGepghnG  qubGqywdh
hwpwpbpwywl  wnbnwywnpdbpp YGpwwihnfubp  bEYnpwlwb  wqnwGawhh,
ubjudwgwihnipywl dbe wewydbl (Wb Yhpwenipynih GG qunb hGnniyghnG, nuGwlwghG
L whbgnkEYunpwlwh buwbwk EYunpwlwb YGpwwihnfuhsGhpp: Twhp
nwppbpwlynud 66 hGswbu wafuwnwiph uyqpnipny, wylwbu k| wbuGhywlws
Ppwywlwgiwh pwpnnipwip: Wn YepwwihnfuhsGtinG  hptilg  wnwGdGwhwinnty
wwhweltpG GG GEpYwjwglnud hbunwaqu EEYwnpnGwhG YEpwwihnfudwGp L niGhG
ubthwlwl wndnyGbph  dwlwpnwlybbph  wwppbp hwlwhwjhG  YuhuwéntpyniG:
Tpwlghg JnipwpwlgynipG  nbh hp uwhiwlwihG  hwuwGkh  pGnipwantpp,
oquiwgnnoiwh wrwyt| qpwnwubiih ninpnltinp, hGsp pwywlwGhG hwiqwiwGnnk
wwpqupwljws £ npwlg swihwghnwywl L whwenpénnulywG  plnipwgntinh
hwibiwwnwywh Jbpinuénipjwdp: Bapwlwgyty t, np ubjutihy htwnwanunntp)nilGtiph
0,2-503g  hwswhunipniGltiph  whpnyph  hwiwp  Gwpwwwwndblth  BG
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whbqntEYnpwlwh wpubjipwswihhs-utjudwswihhsGipp (MEUU), npnGp niGBG thnpp
ubthwlwG wndnyGen, hGsp pnyl b wwihu hpwlwiwglby ubudhly nwnwbnldbbph
wwpwidkwnpbph G2qphuin swthnudbbn:

Unwowtnwp uwppwzhGwywh $phpdwbtph Ynndhg wpunwnpynn MEUU-Geph
inbuwlwGhny hGwpwynp b gpwbgt dbfuwbhjuwlwt nwnwnudGiph (w)b vwblnn:
Apw htwin dkhinkn, oquwagnpdynn MEUU-GEph swihwghnwwh pGnipwgptpp dhawn
st, np pwqwpwpnud GG gwhnuiGiph npuyhG Gephwjwgynn wdnn wwhwbeGbpp:
MEUU-Gph  oquuwgnpénuwing  Juemgywé  UUUR-Geph  swihwghnwhwl L
swhwanpénquwh pGnipwgnptiph Ybpnuénipynilp gnyg b tiwihu, np npuwig swhiwG
gzapunipjwl L wpluwwnwbph  hnwwihnipjwl wildwG  hhdGwlywh Wwwndwnp
SwintuG £, npnd  GhwOnd b ubudwundhsp hwdwywngh  hGn: - Uwinifup
wwpwibkipbph  thndnfunepynuGGlipp,  npwignud dwhwéynn  uwlqupnudlbnG
wewowglnid 66 swihdwl ufuwwipGhp: Uwinijuh Ywpd dhwgnudltipp, npnGp
wGhuniuwihbth 66 nwanwihl wwydwhGEpnud, 2wpphg hwinud G0 uwpph wrwGAhG
hwGqnygGbpp, puy dwintbuph  thofuwphGnuip  wy)  wwpwdbnptph  dwintfuny
wwhwbynid b ubjudwswihhgh Jbpwswiwpbpnud, hGsp hGwpwdnp st nuznwhG
wwydwbbbpnid. nw Ywpnn b Yuwnwpdbp ShwyG hwwndy pwpnpunnp wwydwGGEpnuy
pwpép npuwiywynpdwh dwubwgbnGtph Ynndhg:

Wuwhuny, MEUU-GEph swihwghnwlywl L whwgnpénnulwh  pGnipwgpknh
pwpbpwydiwl Guwwwyny wihpwdban b pwgwnb)  whtgnkhunpuwywt  wdhsp
hwiwlywpgh hbwin dhwglnn dwintuh  wwpwibnpbph  wqnbgnipynilip  swihdwb
wpmyniGpGiph Ypw: Lhwwh mbbGwiny Gwé hwiquiwbpp” wewownlyby t
whbqntynpwyws ubudwswihhsh Yuenigdwl uygpnilpnpbl Gnp o nbuGhlwlwh
(nténud, npl wwwhnynid £ pwpdp qquybnipynii L swihwghunwlwG pGnipwgntph
JuyniGnupyncG:

Gplpnpn qitund Ywwnwnpdbp b wewewplywsd nbuGhywlwh (nusnudng MEUU-h
Ywnnigywépwjhb ufubdwh hhdGwynpnuip b pGupnudp, ubjudwwndhgh Yuenigdwéph,
YbpwwihnfudwG hwgnygbbph  EEYnPNGwihG  ufubdwbbph  Gawynuwip:  Uzwlynn
MtUU-p Gwhiwnbujwé Lt bpnpntGapgbwnply  Ywenyglbph  (U66  wphbutnwywh
onpwiipwnlbn) UUU3-GEpnid oquniwgnpdtipnt hwdwp, npuntin MEUU-hg wwhwoynid GG
hbwnbywy hhdGwywa pGnipwgnbpp’ _

¢  wpwgquwgnuiGtph gwihiwb vwhiwGGEpp 0...10 ﬁ/qz,

e  hwdwfuwjhG wppnypp 0,2...50 3g,

e (hwglwh Swintfuh Gpywpnipinibp’ GhGsL 500 4,

e  hhilGwlwh ufuwwbpp' ng wybih 6%,

e wpwaqugnuilbph swihdwh nhGwdhy whpnypp 70 nP-hg ng wwlwy,

o whwqnpéiwh ehpdwunhSwhwhG whpnypp - 30 ... +50 °C:

Unwowwnwn $hpdwbbph MEUU-GEph hGnwgnunnepnilGlbpp gnuyg B0 ik, np
npwignud whbgnuwpph (MS) Ypw wrwewgnn bEhunpwywb hgph dawliwb L
swihdwl hwiwp npwbu Gwhiwndbnupwnp oquwgnpéynud £ pwgwnwwbu (hgph
nidbnwpwp, npp quynud b ubjudhy YuwjwGh planiGiwl Yhond L Ghwlnd
whbqnt Eynpwywa ndhghG (MES) dwinifuh Ghengny: Lhgph Gwfuwnidtinwpwnpny
MEUU-Gbpnud - nbuwlwlnpbG  pwgweynud £ Ghwgdwl  dwinitbuh  nbwynipjwl

7

© National Library of Armenia



thnthnfunipyniGlbiph wqnbignipyniGp MEUU-h  swihwghnwlwG pGnipwigpbph dpw:
UwluyG dwintfuh Bplwpnipjwl dkéwgnudp phpnud b nudbnupwph unuwnpuw)hl
nibwynipjwl  dbdwgdwlp, dEdwlnd b Owl ubthwlwG wndnyp, thnppwinud
«wqnuizwb/wniny» hwpwpbpnipynibp: Itnbwpwn, 0k bplwpnepjwl Shwgdwh
dwinifuliph Yhpwenidld wjnnbn wigwGywih b OphGul, lwywgneyGhbkphg dkyp
hwiwpynn ABK-3 whuwh dwinifuh gkl dbwnp GpywpnepyniGG nGh 70-100 wd Ywpgh
nlwlnipynil, hGsp dwintfuh wwhwGednn 500 § bpYwpnipywl nbwpnud uinbkinénud L
thgph nidtinwnwph dnunpnid 0,05 G4d Ywngh nuGwynipniG: Iwpl b Gwb Gyby, np
MES-h dpw wagnnn dbfuwGhywlwh nwnwbnudiGbpp wonmnud 66 Gulb dhwgdwh
Gwintfuh dpw, npl wyn nbiwpnid gbGbpwglnud £ |pwgnighs b EYunpwywb wndndy,
hGsp GnyGuwbu Jywynud £ MES-h L Gwhuwnidbnwpwph Shole dbé Epywpnipjw
duwintfuh Yhpwedwb ng Guwunwlwhwpdwn (hGGne GwuhG: Swép hwdwuntpnlGGbph
whpnypnud (<100 3g) (hgph nudbinwpwph  ubthwywG  wndntyh wdwhwnnwnp
hwéwfunipywl  thnppwgdwl htivn dhéwlnd £, hGsG wyn upubdwibph Lu aky
wlgwllwih hwwnlynipniGl £ Lhgph Gwhuwnidtnwpwpny  ufubiduwgh ubthwlwa
wnuntyh dbéwgnid nkinh b nllbGnud Gwl Gwhiwnidbnupwph dnwnpncd ptnGJwdéph
nhdwnpnipjwl  thnppwgdwl  nhwpndd,  hGsG  wydbih  Ghwwbth b qwép
hwdwfunipnLGGEph whpnypntd:

Lajwé  hwlqudwlpltphg  GlOGd™  unyl  hnwgnnnepyniinug - MEUU-p
dawybihu plGupdt) E uygpenilpnplb Gnp YuenigywépwihG ufubdw (GY. 1): Ujuinbn
whtgqnuwpph |hgph Gwhuiwnidnwpwpp hpwhwbwgdby t ng pb thgph nidbnwpwph,
wyl (wpdwh ndtinwpuwph ufubdwyny L gbnbnywé b whihpwlwbnpbG whbgnunghsh
GGpunid: Lwfuwndbnwpwph GlpwjhG (wpnuip Gphwp dhwgdwh dwincfuny (500 §
Ywpgh) hwnnpnbihy  hGwpwynp  wnwdwnnuiGtphg  funwuwtbne Guwnwlyny
Owhuwnidnwpwph  Genud dhwgywé b pwpnud - hnuwlp  Yepwwihnfuhs  (L34)
Onylwbu  qbinbnywsd  whbgntbywpwlwh  wdhsh (MES) Gepuncd:  UpmyniGpnd
Ghwgiwl dwintfuny hwnnpnynid £ MES-h GpwyhG hnuwlpwjhG wqnulwhp, npp
Yuwhuwé st pinh wwpwibnpbphg, hbnlwpwp npw Ypw s60 wannid dwincfup
wwpwidbwptpp:  UbudwnwunwinuiGiph gpulgdwl Yk hnuwGpuwyjh
wqnuwwlp npdnud £ hnuwp - jwpnud YepwwihntuhshG (3LY), nph Grpnud dhwgywé
G0 wlwnqupyuyhG  Yipwwibnfuhsp (URY) L qpubgnn uwpp  hwnhuwgnn
wlihwunwlwl  hwiwywpghgp:  URBY-h  bpwjhG Ynnuwjht  wqnuiwGGbpp
gnunpwgpynid 66 hwdwlwpghs L Gzwldnid hwwndy dpwgpnd: Clnphhy Gzwé
wbfubhjuywl  |nuédwh,  pwgweynd b dhwgdwlG  Swintuh  wanbgnipniGp
ubjudw;swihhsh swihwghnwywh  plGnipwgntiph Unw, hul (wpiwh
Gwhuwnidtnwpwpny ufubiduynud dtep GG phpdnud [pwgnighs wnwyb|nupnLGatn,
npnGp ulgpnilpnnbil hGwpwnp st hpwlwGwglbi thgph nidbnwpwpny ufubwnus:

Mhaqnuwpph plGwpnipjwl Gywwnwlyny l{ulmuxnu_hl t wpnwnpdnn
whbgntGyunpwlwha  Gnepbph  wnbuGhywywh RUnipwgpbiph  hwibiwwnwlwi
dtpiniénipynil, hGsh wpmynilpnud Gzwhdnn MES-h hwidwp npwbu qqwyntl twpp
pGupdty £ OTC wbuwhh phonnd  whbgnibpwohyw: Npwbp nGEG pwpap
qqwjOncpjntl, wzfuwwnnud GG 6hGsL 200-250 °C obpdwunhSwhwhG thpnLpnL:
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ms (g || U U fu ]t /Y| uey u3
U (qU)

________________________

LY. 1. MEUU-h  wwpgbigdwé  Ywenigwoépwihl  ufubdwl  GlpwjhG
wqnwlywih Gpwliwd hwiwlwpgh hbn. MES-whbgnkGYwpwlwh
inhg, MS-whbgnunwpp, LOF-pwpiwb nidtinwpwn, UU-Ghwgdw dwintfu,
URY-wlwnqupyuwyhl Yepwwihnfuhs, U3-wlhwwnwlywl hwiwlywnghs,
QU-gnwlgdwl uwpp

CGunpdwé phinpd MS-0 Quqidws b Gpyne  Shwidiwd  wnwithonwlwdl
phptinGtphg wwuwpwunjwéd ubphwywl wpwwnpdnn pOnhwbnep Gawliwlynipjwh
UTC-19 (&£=1750, d,;=330 wWwl) Lwd LTC-19M (£=2200, d,;=430 wu/L)
GwyGhzh whtignybpwdhlwihg: Swihonwytiph swihubipl GG wpnwphG npwdwghép
D =25 44, Gepphl npwiwghép 4 =8 44, hwuwnnipyniip” A=2 44:

MEUU-nd  oguwgnpébint  hwdwp  dawydbp £ MES-h Gnp  Ywenigwép®
whtgnuwppbph Gwhbwywl werwigpwhb utndnuing, npuntn wwwhnyyned £ nputg
bpyynniwbh pbrGwdnpnudp Shw)l wrwigpwihl ndny L GdwquagntjGh hwugynd
MES-h YnnuwyhG qquw)bnipynilp:

Phinpp  whtqnuwpptiph  phptinGtpp,  Ywhujwé  npwlgnud  apwlwG
wnwlgpltph nunnnipynLGGbphg, Jwpnn Ga dhwgyby hGswbu
gniqwhbn-hwinhwywlwg, wjbGwbu E  bhwenppwpwp-hwiwdw)G:  Ywqddbp L
ybpneddbg 56 npwlg hwiwwwunwuuwb upubdwbbpp (wpiwb GwhuwnedGnupwnph
htw: bpynt nbwpnud £ whbgntGyunpwlywt Yepwwihnfuhsp (MEY) YuwpGh E
GbpYuwywglt) dhkbnyG hwiwpdbp ufubdwny (GY. 2), npinkin R, = R,/2, C,=2C,-G
MS-h hwiwpdbp nhiwnpnipyniGl nu nuGwynepynilb GG whkqnphpbinGtph qniquhtn
Ohwgdwl ntiwpnid, R, =2R,, C, =C,/2" npwbg hwenpnwpwn Shwgliwb nkiwpndd, i-
G, R L C-0 hwiwwwunwuhwbwpwnp d6Yy phptinh whbqnhnuwipp, GtpphlG
nhiwnpnipynilp b nGwlnepymGh GG, R, -p° (wpdwh nudbnwpwph gnpdnipwhl
nidbnupuwph (30F) dnunpuyhG R, nhdwnpnipjwl L R, -h qniquhbn Ghwgiwl
hwiwpdp  nhdwnpnipynilp, R,-p  pbnp  nphdwnpnipynGG £ pwpdwG
Gwfuwnidtnwpwph dnunpnud; Pwlh np ndbnwpwpp qubyned b wGdhpwlywGnpkG
whbgnunghsh Ghpunud L, hbnbwpwp, pwgwlwind £t MS-6 nidbnwpwphl dhwglinn
Guwintfup, hwiwpdbp ufubdwnud wwnbudb) b pbeh nGwlnepyniGp: Tw 9Nk-h
agninpuwyhlG nuGwynupynuGG £, pGsp 20-30 wd Jwpgh b L wlhwibdiwwn thnpp
pGunpdwd whtgnphptinh  nubwynipynilihg (C, =5090 wd LOTC-19-h hwdwp L
C, =6400 wd’ UTC-19M-h hwdwnp):

Qhwhwwnyby £ R=R,//R, hwiwndtip nhdwnpnipjwl hGwpwynp wndtipp, pwih
np npw- dEéwgnuip hwlqbglnud b hwswhuwihG whpnyph plnwGiwl wewig
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qpuwlghsh URY-h dnunphG: 3LY-h ufubdwgh wwppbph wWwpwdbnptnG pGunpdws GG
wyGwbu, np swihynn wpwgugntilbph 0...10 6/y? whpnyphlG hwiwwwnwufuwbh
URY-h tintnpntd 0...10 4 uwhdwbGEpnid thnthntuynn hwuwinwunniG hnuwGph Lwpned:

R24
Ry R21 L

Y

uray

I Ry

——jl__..--.

—_————

uY. 6. 3LY4-h ulyapntlGpwihb bEYnpwlwh utubdw

bppnpn gifuntd Yuwwnwnyty £ MEUU-h swihwghtnwlwh pnipwgpbiph whuwywd

htwnwgnuntp)ntlp, hGgh hwidwp YwenigywspuhG ybniniontpjwl dhengny Gawlubg t

uwnppntd hpwlwbwgynn wqnwizwhtph Yepwwidnfudwh dwpbiwwnhlywywh dnnkip
U = K(P)K K[ K@) (1+ K;)Uys + KK K, 4],

npp Yupbih & Gbplwywglhy hbinbyuwg wdthnth nbupny

U=U,+K 4, (3)

npuntin
Uy = K(P)K 0 K(P)K K Uys » (4)
K = KK KK(F,)KK,: (5)
UbpwwihnfudwG gnpéwyhgltinh wpunwhwjnyby GO kEyunpwywh ufubdwGbph
wwpwadtiwpbph dhengny’ K, =1+R,/R,, K =2d,,m[C, |Kz] = RII/RI» ,

K(p1)=R7/(R7+R9+Rw)- K(p2)=R16/(R15+R16)I K3=Rzn/Ru '

|Ki|= R/ Ry = Ry Ry, Uys =3,3 00 pGuinpdwéd KC133A wnhwh  unwphihinpnGh
(vD1)  Luynilwgdwh jwpnuiG £ Upubswynud— oguwignnéywés wwpptiph
wwpwibwptph  pyuyhG  wpdbplbiph nbwpntd  unwgynud GG Uy =5 4,

K=10 (), U=(5+K-4) &
pGswbu hbinbnud b (3) pwlwdlhg, Swlywé upubiwny wpwgwgiwh swhiwd
ufuwwipp wwylwbwdnpyws k uwlnnwyh qpnih 2bndwG U, hwunuwnntl Lwpdwh
wnwownniwl ufuwpwipny L swihynn wqnubwibh Yepwwihnfudwl X qnpdwlgh
utuwpwipnd: bPpwlwb dwpbdiwwnhluywh  dnnbip ufuwqwGpGtiph  hwzdwenwdng

GbpYwjwgyti £ hbunlywy wnbupny
UtAU=U, A" +(K+AK)- 4, (6)
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npwnkn
AU=A"+AK -4 (7)
dhénipynilp wpwquwgiwh swihiwl pwgwnpdwly uppwpwiph b, A°-0 ufuwwGph
wnhwnhy pwnuwnphsp, AK-A4-0° dnipinhyihunhy punwnphgp:
UpiwpwGph A° pwnwnphsp wwydwlwynpdws b U, jwpiwl wilyw)niGnipjwdp
L ANk-GEph qpnjh 26n0wG dnunpwjhb pwpdwh tndinfunepywdp (npbjdnd)
A° =AU, +A(U,): (8)
Ywwwpyb, b hpdlwlwl uuwiwlph qlwhwwinud: WG npnadnud £ Gopdwy
wuwdwGhbpned, 2ppwlw dhowduyph ¢=(+25+5)°C ebplwunhGwlnud: CGn npny,
uwppp  Owhiwwbu  wpwiwswihynd £ hwpdwpbigynud GG nudbinwpwpGbph
nidbnwgdiwh gnpéwlhglbipp, (wpiwl pwdwiwpwnlbph pwdwliwG gnpéwyhgbtpp,
hwiwyzeynud GG (pepynud GG qpnjh) pnpnp @Nk-GEph qpnjh 2ndwG dnunpughG
lwpnuibbpp: UwlwyG Gnpdw) wwydwGGepnud pagyjwnpdnd £ zppwlw dhowdw)ph
ghipdwuwnhSwCh thnthnfunipynil A =5"C  uwhdwGGbpnud, h0s0 wnwpwglnid
2npwjh wwpwikinptinh ghpdwuwnhSwlwhG nptd:
Unhinpy  upuwpwlph (8) wpuwhwynnipjwl  Gbp  welw  ufuwjwipGbph
pwguwndwy wpdtpGtpp npnub) G0 hGwnbjw) pwbwdbbpny
au, au, oU, ou oU, au,
=—t= +—L AR, +—2—AK(P,)+—2AK SAK, +—0
K (R) K T OK(R,) (F.) &, K, A'(““Lc’auusw”“’
A(Uc) =[AUq - K/Kg + BUg; - Kin K (P,) K;K, + AU, - K, K, + AU, - K, |- At :
Jwodwpybpp  Yuwuwpdsp GG uwppnud oquwgnpdywé  wwppkph
wnbnbywpbpphywihG pGnipwgpbpnd  phpdwéd  wwpwdibwnpbph  pnypandwdéplbph
wndtplbpny, pGn npnud, npwig plnypp Wwnwhwlwi b L hpwp htn shnebjwgywe:
QnuiwpwihG wnpwhy  ufuwjwGph vwhiwGwihG wpdtpp 0,9 Yuwwhbhnipjw
hwlwbwlywbnipjwdp unwgybp b A® =28,8 Gd:
Apnayb b K Yepwwihnfudwi gnpéwlgh hwpwpbpwiwh ufuwjwipp’
5K = 8K + 8K, + 6K, + 6K (P,) + 6K, + 6K, ,
nphg uwnwgyb £ pwgwpdwl ufuwwlph vwhdwlwiht wpdtpp 0,9 Juwnwhbihnipjwh
hwywGwlwinipjwdp AK = K - §K/100= 0,011 L/(0/y?):
UpryniGpnud unnwGnud BGp, np MEUU-h YEpwuwihnfudwG dnctyghwih hhaGwywG
Uuwiwlph  uvwhiwlwhG wpdbpp 0,9 JuunwhbGlhnipjwl  hwywlwywhnipjwdp
Yuqdnuy AU=(0,0288+0,011-A) Jd: Un upuwjwlph wnwybwgnyl wpdbpp

uwnwgyntd t swthdwb whpnuyph bpenud” 4, =10 GIL{Z wpdtiph nbwpnid L hwywuwn t
AU, =0,0288+0,011- 4, ~0,14

twnkwpwp,  hhdlwhwl  uliwpwiph  phpdwé  wpdbpp wpnwhwynws
nlnubnnd, UihG 7 = 252200 1,4 %:

AU, AK(R)

m
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Uuwhuny, ufuwiwbplbph wnbuwlywl hGunwgnunepnlp gnyg & wwihu, np
dpwlywé Yuwrnigywédpwyhl ufutiiuwyny b oguiwgnpéywé wuwwnpwinwihG Ghengltipny
hGwpwynp t unbndty 1,5 S2qnunnupjwl nwuh ubjudwswihhs-wpubiGpwswihhg:

Ywuinwpywé swihwghinwlwh httnwagnuinipyniGhg htinbnd £ Gwl, np Ghwgdwd
dwinithup wwpwibnptpp ( R, nhdwnpnupyniGp, €, nuGwlnipynibp) s66 dwubGwlgned
YybEpwwihnfudwh qnpépbpwghl, hbunbwpwnp npwig dintinfunupyniGbbpp s66 Ywpnn
wqnb] uwpph swithdwh Sqpuinepjwl Ypw, hGsnd L hhdGwdnpynud b plGunpdws
Ywnnigywépwih ufubidwny ubjudwswihhgh Sauliwh Gywnwlwhwpdwpnipynlbp:

UnbGwiununipjwG  gnppnpn gimifup Gppdwé £ dawyws  MEUU-h
swihwghunwlwh pGnipwanbph thnpdwpwpwlwh hitnwgnunnepywip:

@Onpdwpynuibbpp Ywwwpdl GG 33 QUU Bphypwdhghlwsh L hliclhﬁbnu.uhﬂ
ubjudwpwlnipjwa hGuwnpwntinh bpypwdhghywywh uwppwzhlnipjwb
(wpnpwwnphuynud C-004 GwyGhzh 2-pn Jwpgh ophGwltih dhppwghnG unkGnh
Ypw: ©npdwpynuiGbph hhdpnud npdbp GG dzwldnn Jwpgh uwppbiph  hwdwp
whinwlwt  unwlnuwpnGpng  vwhiwGwsé  unniqugwhiwl  dEpnnhlwGbpp:
OnpdwpynuiGbpp Yuwuwpdbp B0 pwqdwlh  ghunwpynwiGeph  Gnwlwynd,
nhwnwpynuiGbph wpmynGplbpp, npwbu YwinG, pwywpwpby 66 Gnpdw] pwafudwap:
Unniquswihynn  wwpwibnpbph  uwhiwGwihG  wpdbplbpp  npnadtp GG 0,95
Yuunwhbihnipjwl hwywlwlwlnepjunip:

Onpéwpwpwlwh hbnwgnunipjwl wpmynilpnid hwunwnybp &, np Gnpdwy
ww)dwbGEpnud MEUU-h°

o wiwhwntnwihb pGnLpwaqnh ng qdwjlnipjwa wnwybwgnyG
hwpwpbnpwywb wpdbpp sh gbpwqubgned 2,5%,

o wiwhnninwhwlwuwhb plnipwgpp wihwywuwnwswihnipjw@
wnwybwagnt)b hwpwpbpwlws wnpdbipp sh gbpwqubgnid 4,4%,

o lbpwwihnfudwG gnpéwygh  paypwwnpbih  hhdGwhwl  hwpwpbpwlwl
ufuwwGph uwhidwbp sh qpwquignid 5,5%, '

o LnnuwjhlG qqu)bnipjwi hwpwpbpwlwh wpdbpp sh gbpwqubgned 1,8%,

e Llpwjhl wqnwbawh nhGwdply tnhpaypp Ywqdnud £ 70 nP:

Ubjudwgwihhsh Yphdwjwlwa thnpdwpynuibbph wpnyniGpnud uwhdwbyb £

e nowlw  dhowywiph  ghpdwuwnh@wGp  -50 °C—_hg dpGslk  +50 °c
uwhiwGGtpnd  thnhnfuytihu wowewgnn  pwgnighs  ufuwwiph hwpwpbpwlywb
wndbpp sh gipwqubgnud 3% -p,

o ppwlw dshpwdwyph hwpwpbpwywb funGwynipjwl 30%-hg ohGsl 80%
uwhowGGbpnuS  tnthnfunepyniGhg  wnwewgnn  hwpwpbpwiwl  ufuwwGpep  sh
gbpwaqubgnud +1,5% -p:

Wuwhuny, Gwlhywé whbqntbynpwlwl  wpubbpwswihhs-ubudwswihhsb
wwwhnynud £ (0,2...50)3g  hwdwfuwyhG  whpnypnd  ubjudwunwnwGnudGtnh
wpwagwgnwiGbph  (0...10) 0/ uwhdwGGtpnld  wdwhwninGeph  swihnuip  5,5%
hwpwpbpwlwh ufuwwbpny, hOsp sh qbpwqulgnid pGnniGlith hwdwpynn 6,0%-p:
Upwdwiwlwly pwgweynid b dhwgdwl dwintfuh wwpwibknpbph wqnbtignipynLip
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ubjudwswihhsh swhwohunwlwld L whwgnpénnuywb pGnipwgpbph Ypw, hGsp
twhwl wnwybingyntl £ hwyinGh Gdwbwybbph GYwndwdp:

Ywuiwpdbp t duwldwé MEUU-h  thnpdbwlwh  ogquwgnpénuip  ubjudhly
UnGhpnphGgh wdwunniwunwgywsd hwdwlwpgned:  Jwdiwlwpgp  pwnugwéd
uwppbphg  (G4.7) L “SEISMO" épwgpwhld wwwhnynuihg (pbhpqwd L
wnblwiununipjwl  hwybywéned), Yuwwwpnud £ MEUU-h GpewghG wqnwbzwbh
pywipt  dwynd L ubpudhy wvnwwnwlnudbeph gpwdhluwlwl  gqpwbgned:

' Oquwgnpdiwb wpmynilpnud hwuwnwndby t, np MEUU-p gnpéwrenud £ Gnpdw” hp

wnbfubhlywlwh pGnipwagnpbphl hwiwwwwnwufuwi:

LY. 7. MEUU-h Grpwyhl wqnuwiwih dawliwh hwiwlywpgp. US-wlhwinwlwh
hwiwlwnghs, Yndntinwwnnp® C-036 dwlyGhzh, URY Al16-5A dwlGhzh

caruuyusnr@3nruvuern

1. Ywwwpdbp b ubudhly wqnwGwGGbph  wnbuwllEph e wwpwdbopbph
Ubppnednepynil, hGsh hhiwl Jpw uvwhiwGybp G0 ubjudhly wwnwbnudGbph
wwpwitwpbph swhdwl dhenglbph nhlwihy L hwiwhuwhG whpnypbbphG
Gbpywjwgynn wwhwbglbpp:

2. Ubpudhly dnGhpnphGgh wywnniwunwgywd hwiwlwpgbtpnd (UUUI) Ghpwnynn
wnwib] wnwpwénd quwd ubjudwswihhsGbph wbuwlyGbph  swihwghnwlywi
pGntpwqgpbph  hwibdwwnwlwl JepnudnipinGp gnyg £ wnwihu, np o ubjudhl
hbnwgnunepynlGibph hwiwnp  0,2-50 3g  hwGwfunipynGGbph  whpnuypnud
ghpwnwubih b whbgnbEynpwywh  ubjudwplnnibhsGiph  oguwgnpénidp:
Ipdbwynpyty t, np whbgnbGhnpwlwG wndhsnd npybu qquynid  wiwpp
Guwinwlwhwpdwn £ oguwgnpéti phinpd whbignybpwihuw whtiqnphptinGtph
hwenpnwpwn dhwgnudnd, nph ntwpnud (wpdwb nidbnwpwn Yhpwebihu nidhsh
qquyGnipyntGp hGupwynp £ unwbw] dnunwdnpuwwbu Gptp wigwd kg, puwl
thgph nidtinwpwip Yhpwnebihu:

3. 3pdGwynpyby b wpubibpwswiphsh  YueniguépwihG  wylwhup  ufubdwgh
pGupnudp, nip Gwhuwwnbudwé b whbignuindhsh GlpwjhlG wanwwhh dhowlyjwy
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M perMcTpHpylolice ycTpoiicTBo — nepcoHanpHelii komneiotep (ITK). BeIxoaHslie KomoBbe
curanel AIIl BBomsTcs B kKOMNbIOTEp M 00pabaThlBAIOTCS C MOMOIIBIO CIHELMAILHOM
NporpamMMal.

B pamkax BBINONHEHHA AMCCEPTALHOHHON PaboTEI pelleHsl CeNYIOLIHE 3aIadH:

® HCCIeNOoBaHbl TMPHHLMIIBI [MOCTPOCHHUA CGﬁCMOMC’I‘pOB, JaH COINOCTaBHUTENBLHEIH
QHAIM3 HX TEXHHYECKHX M METPOJIOTHYECKHX XapaKTePHUCTHK, BRIABIEHEI OCHOBHEIE HCTOYHHKH
norpemHoctedl, o0ocHoBaHa HeobGxoauMocts paspabGotku I[IDAC ¢ yaydwIEHHEIMH
METPONIOrHYECKHMH M OKCIUIYaTaUHOHHBIMM  XapaKTEPMCTHKAaMM, BbIABNEHBl Haubonee
MepPCNEKTHBHBIE MYTH YIYUILEHHSA 3THX XapaKTePHCTHK;

° MCCNENOBaHBl H pa3paboTaHBl HOBHIC CTDYKTYPHBIE M CXEMHBIE pEIUEHHA s
noctpoedus II3AC ¢ ynyuylIeHHBIMM  METDONOTHYECKHMHM M 3KCIUIyaTaUMOHHBIMH
XapaKTePHCTHKAMH;

e paspaboTans! kKoHCTpykUHsA I1]] u anekrpoxHan cxema [IDAC, npu aToM 06ocHOBaHO,
YTO B Ka4ecTBE YYBCTBHTENBHOrO 3JIEMEHTA Lienecoo0pa3Ho MCMob30BaHHe GMMopQHOro
NBE302JEMEHTA € [OCNCNOBATENLHEIM COCNMHEHHEM MBE30MNACTHH H IPeABAPHTENBHBIM
CKAaTHEM MbE303JIEMEHTA BIONbL YYBCTBHTENLHOA ocH. [lokasaHo, 4TO B Clydae MpHMEHEHHS
6uMopdHOro mbE303NEMEHTA C  MPEAYCHIMTENEM  HANPAKCHHA MOKHO  [ONYYHMTE
4yBCTBHUTENBHOCTE [1J] mpuMepHo B TpH pasa Gojblie MO CPABHEHMIO C MpPERYCHIHTENEM
3apalia;

e pazpaboTaHbl MaTeMaTHyeckas MoJAelb QYHKUHOHHPOBaHH1s npoekTHpyeMmoro [IDAC,
METOAHKH €ro TEeOPETHYECKOro MCCEAOBAHMs, METPOJOrMMECKOro aHanMsa W pacdéra
napaMeTpos, BBINOJIHCH TGOpCTH'-IGCKHﬁ aHaJiu3 JOCTHXHMBIX MECTPOJIOTHYCCKHX
XapaKTEPHUCTHK. YCTaHOBIEHO, 4TO B 0O0uieH morpemHOCTH (YHKUMM npeobpa3oBaHuA
npeobnajalomUMK  SBIAIOTCA TeMIEpaTypHas HECTaOMIBHOCTh PE3HCTOPOB H HANpPAKEHHA
CMelleHHs HyNs OnepauMoHHBIX Ycuautened. OOocHosaHo, uTO Mo paspaboTaHHO#M
CTPYKTYDHO} CXEME BO3MOKHO CO3/IaHHE CCHCMOMETpa-aKCcenepoMETpa Kiacca TOHHOCTH 1,5;

e u3roToBneH oOmneiTHel  oOpasent I[IDAC, npoBeleHO  3KCIMEPHMEHTAIBHOE
MCCNENOBAHUE €r0 METPOJIOTHYECKMX XapakTepuCTHMK Ha ofpasuorom BuOpocteHze. B
pe3ylbTaTe YCTAHOBJICHO, YTO B HOPMAbHBIX YCIOBHAX MaKCHMMAaIbHOE OTHOCHTEAbHOE
3HAYeHHE HENHHEHHOCTH aMIUTMTYAHOH XapaKTepUCTHKH He npesbiuaet 2,5%, MakCHMAalbHOE
OTHOCHMTENPHOE 3HAYeHHEe HEPaBHOMEPHOCTH aMILUTHTYAHO-YacCTOTHOM XapaKTepUCTHKH HeE
npeeslitaer  4,4%, npenen ocHOBHOM norpeiHocTd  koadiduuuenta npeobpasoBaHHs
ceficMomeTpa He mnpesblaer 5,5%, IMHAMHYECKHH AMANa3oH BLIXOJHOrO CHUIHAJA COCTABNAET
70 1B, 6okoBas YyBCTBUTENBHOCTE HE Npesbluacet 1,8%;

e MPOBEJEHA OJKCNEPHMEHTANbHas [IPOBEPKAa KIMMAaTH4YeCKMX BO3ACHCTBHH Ha
METpPOJIOTHYECKHE XapakTepHCTHkH paspaboranHoro [IDAC. VYcraHoBmeHo, 4YTO TIpH
M3MEHEHHH TEMIEPATYpPhl OKpy#aiomlei cpeasl B npenenax ot -50 10 +50 °C Bosuukarowas
JOTOJHHUTENBHAS MOrpelIHOCTE HE TNpeBbliiaeT +3%, a MpH H3MEHEHHH OTHOCHTENLHOM
BI@KHOCTH OKpykaiomeii cpensl B npemenax 30...80% mnpu Temnepatype +35°C ara
NOrpeLIHOCTS He npesbiaet +1,5%.

PazpaGoTaHHblii  MBE303JEKTPHYECKUH  akcenepomerp-celicMoMeTp — obecrieuuBaer
M3MEpeHHe aMIUTHTY] YcKopeHuii ceficMokoiebannit B npeaenax 0...10 m/c® B 4acTOTHOM
avanaszone 0,2..50u ¢ mpenenoM OCHOBHOH mNpuBeAgHHOM mnorpewHoctd 5,5%, uto He
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MpeBLIIAET MOrPEHOCTh, CHMTalouytocs mnpuemaemoit (6,0%). IlonnocTeio MCKITIOYEHO
BIHSHHE MapaMeTpoB COEAWHHTENBHOTO Kabensd Ha METPOJIOTMHECKHE M 3KCIUIyaTauHOHHbIE
XapaKTePUCTHKH, YTO SBJIACTCA CYILECTBEHHBIM MPEHMYILECTBOM [0 CPABHCHHIO C H3BECTHBIMH
AHANOrHYHBIMH YCTPOHCTBAMH.

Muradyan Vahram Gagik
Improvement of metrological performance of measuring and recording system of
seismic signals
RESUME

The automated systems of seismic monitoring (ASSM) are widely applied for testing of
seismic stability of various objects and constructions. Effective functioning of ASSM is largely
defined by characteristics used in seismometers: their accuracy, speed, stability to external
influences. Existing models of piezoelectric accelerometers-seismometers (PEAS) allow to
register a rather wide range of seismic vibrations, but their metrological characteristics are not
always sufficient to meet the increasing demands for quality measurement.

The analysis of the metrological and operational characteristics of PEAS shows that the
main source of low accuracy and reliability of their operation is the cable connecting the
piezoelectric seismic sensor with the recording part of the system. Changes in cable parameters
and the induced noise in it cause measurement errors, often breaks and especially the short-
circuits in cable lines, which are inevitable at operation in field conditions, reduce the reliability
of the system, disabling individual nodes of measuring channel. When it is necessary the cable
replacement on the cable with different parameters, recalibration of seismometer is required,
which is impossible in the field conditions: it requires special lab and highly qualified
specialists.

The purpose of this research is the development of PEAS with improved metrological and
performance characteristics, with the possibility of measured data transmission through the
connecting cable to a distance of 500 meters with total exclusion of changes impact in cable
parameters on the measurement result. For this purpose, a new block diagram of PEAS is
designed. The preamplifier is designed as a voltage amplifier and built in directly inside the
piezoelectric sensor (PS). A voltage-current converter is connécted to the output of voltage
amplifier, also mounted on the PS. As a result, the output current signal of PS is transmitted
through a cable, which is not depend on cable and load parameters. At the recording station of
seismic vibrations current signal comes to the current-voltage converter, on the output of which
analog-to-digital converter (ADC) and a recording device - personal computer (PC) are
connected. ADC output codes are entered into a computer and processed using special software.

The following tasks are solved within the bounds of this thesis:

e principles of seismometer design are explored, a comparative analysis of their
technical and metrological characteristics is performed, the main sources of errors are
identified, the necessity of PEAS development with improved metrology and
performance characteristics is substantiated, the most perspective ways of these
Characteristics improving are identified;
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¢ new structural and schematic solutions for PEAS construction with improved
metrological and operational characteristics are investigated and developed;

e  PS construction and PEAS electronic circuit are developed; at that, it is well-justified
that as a sensitive element the use of bimorph piezoelement with sequence connection
of piezoclectric plates and which is preliminary compressed along a sensitive axis is
appropriate, it is shown that in case of use of bimorph piezoelement with voltage
preamplifier the sensitivity of PS would be approximately three times more than in
case of charge preamplifier use;

* amathematical functioning model of the designed PEAS is developed, methods of its
theoretical studies, metrological analysis and calculation of PEAS parameters are
developed; a theoretical analysis of achievable metrological characteristics of the
developed PEAS is performed. It is established that in the general error of
transformation function the temperature instability of resistors and voltage of zero
displacement of operational amplifiers arc prevailed, it is justified that by the
developed structure scheme the creation of a seismometer-accelerometer of 1,5
accuracy class is possible;

e the test sample of PEAS made; an experimental studies of metrological characteristics
of PEAS is performed on sample vibrotable, as a result it was found that in normal
conditions the maximum relative value of nonlinearity of amplitude characteristic
doesn't exceed 2,5%, the maximum relative value of non-equable of the amplitude-
frequency characteristic doesn't exceed 4,4%, the limit of basic error of the
seismometer conversion coefficient does not exceed 5,5%, the dynamic range of the
output signal is 70 dB, the lateral sensitivity is less than 1,8%;

e an experimental test of climatic effects on the metrological characteristics of the
developed PEAS is performed, and it was found that at temperature change in range
from -50 to +50 °C the arising additional error doesn’t exceed +3%, and at the change
of relative humidity of the environment in the range from 30...80 % at 35 °C the
arising additional error doesn’t exceed +£1,5%.

Designed piezoelectric accelerometer-seismometer provides the measurement of
amplitude acceleration of scismic vibrations in the range of 0 ... 10 m/s® in the frequency range
0,2...50 Hz, with a limit of the basic reduced error 5,5% that doesn't exceed the error
considered acceptable 6,0%. The influence of connecting cable parameters on metrological and
operational characteristics is completely excluded, that is the essential advantage in comparison

with known analog devises.
Vé@(
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