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uchiusuuvLp LLAKULNM PLNRIUSGHM L

Whuwwnwuph  wpnhwlwinipiniip:  dJwdwuwlwlhg  wbfuuninghwubiph
qupgugdwup  gngpupwg  qupquwund L uwl  pwnwpwghwlywu L
wpryniuwptipwlywu 2huwpwpnyiwt, hwupwpryntiwpbpniygjwu, hhnpnunbifuup-
Ywlwu, hwwnly vwuwynpwu no Gqulh Yuwnnygubph ohuwpwpniejwu
ninpuinutipp: Loywd Yuwnnygubiph 2huwpwpniggniup ufuynid b wjwpwnynd |
pwpunbtiquanpwabnnbghwywu  wofuwwnwuputipny:  Sbnnbghwlwu  swihnudubipu
hpwlywuwgynwd &U ny dhwju twpuwagddwu U Ywnngdwt, w) vwl npwig
owhwagnpddwu  pupwgpnd, Ywd 2whwagnpdnuwihg hbGwn:  Uthpwdbonm |
donwnhunwpynd  hpwlwuwgutip Ywnnygubph hphdptiph W npwug wnwudhu
Ynuuwnpniyghwubiph nEdSnpdwghwubpp npnatiint hwdwip:

Chuwpwpnypjwu  dwywubph  wyGugdwu  hbwn - wdbwund £ uwl
gbinntghwlywu swihndutiph dwywip: buy npwup dwdwuwyhu W npulyny
Ywwwnbint hwdwp, wuhpwdbounnyeinu £ wnwewund glinnbighwywtu gnpdhp-
uwppwynpnuiubipnp Yuwnwpbjugnndt):

UWluwwwiuph  twywwwlp b juunhpubpp:  <bunwgnundwt — gjfuwynp
uywwwlu b Ywuwwpbwgnpdtp b dwdwuwlwlhg  wbuph  pbpb
hhnpnnhuwdhlyuwlwu uhybihpwgdwu hwdwlwnap, wy wnnduwwnwgubip
nhwnwnpyynn myjwubph gpwugdwu b npwug dowldwu gnpdpupwgubtinp:
Ugfluwwmwuph  Uwwwnwyht  hwutbine hwdwp - wnwownnytip Gu  hbnlyw
fulunhputipp:

Ywuwwpbijwagnpdt]  hpnpnnhuwdhywlwu  uhybhpwgdwt  hwdwlwnpap,
pwpdpwgub) swihnudubiph Gannyewt wunphwup, wynndwnwgub) swhwapywd
wyjw(ubiph dawynwdu: pwup (ndtine hwdwp wuhpwdbowm Gu.

e wywndwwwgut]  hhnprnnhuwdhyulwu  updbihpwgdwy  hwdwyuwpgp'
oquuwagnhpdtin  unp  LiGywpwlGdtunwht pwqw,  dowyb]  swithnwiubpp
wywnndwwnwgdwt wignphpy,

o Jwwnwpbjwgnpsdt Yuwnwdwpdwtu b gpwugdwu pinlu wjuwbu, np - wnwug
dwutwgbitnh  dhowdwnywu, nhwwpyywsd pwhtu  wwiutpp  gpwugybiu
hwdwlwnpgswihu wwhngnid,

¢ hhnpnnhtwdhwlywu uhybihpwgdwu hwdwlwpqu wwwhnybig
hwdwwwuwnwufuwu  hunbipdbjund, npp huwpwynpniginiu £ rwhu nhunwplyws
wyjwiubpp hwdwgwugh  dhongny  ppwlwt dwdwuwynd wnbinwihnjub) Jday
punhwunip  YEuwnpnu, npwug dowldwu L ybpnwdwlhwt  wofuwmwupubip
Ywwnwnbnt hwdwn:

LhEwnwgnnnipjul dEpnnwpwinipiniup:

¢ Nwnwuwuhpbip hGurnwgnundwu wnwpluwhtu ybpwpbipnn gpuljuitngggniup:

o Ywunwpbijwagnpdywsd hhnpnnhuwdhlwlwu uhybhpwgdwu hwdwlwpgnud
pwpdpwgubiny  swihwgpdwu  Gonngeywt wunphwup,  huwpwynpniginiu
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Yuwnbtindyp gnpduwlwund dawlywsd dbpnnupuwungjudp pwpdp Gannpjudp
npnebint  Ywnnygubiph  hhdptiph W npwtg  wnwudhtu  Ynuuwmpniyghwubiph
ninnwahg ntibnpdwghwubipp:

Uzfuwwnwuph ghmwywl unpnypp:

o Uowlyb| £ wignphpd, npp huwpwynpnipntt § wwhu Yunwpbjuagnpdyws
hpnpnnhuwdhywlwu  uhybihpwgdwu  hwdwlwpgnud  pwpdpwgubp  swthdwu
Gownnipintup - b nhnwpyywd  ngwubpt wydnndwn  nbdhdny  thnfuwugh)
Ywnwywpdwu W gpuiugdwt pny,

o Uowlyti £ phunbpdtyju, npp dhongny hpwlwtu dwdwuwyph nbdhdny
thnfuwugywsd  swihdwt  wpryniupubipt ninwpyynid  Gu dGYy punhwuneg
w2fuwwnwwnbn, npwup  dwlybne L hwdwwwwwuppwu  Jbapnswywu
w2fuwwnwuputip Yuwnwpbint hwdwp,

o Ywuwpbjwagnpdywsd  hhnpnnhuwdhlwlwu  uhybihpwgdwu  hwdwlwngh
thnp&dwpynwiubph wpnyntupnid uinwgt| Gup 0,04...0,05 dd swihdwu Gonnieniu,
npp dh  pwuh  wuqwd gbpwqwugnd L wpulypt  hhnpnnhtwdhluywu
uhytijppwgdwt hwdwlwpgh 0,2 dd Gonniypjwup:

o Uowlyb|  nhunwpydwt jnipwpwtgnip huyps Yhwmnd inbnuyuydwsd nyhsnud
htnnlyh  dwlwpnwyh pwpdpwgdwu U hobgdwu dwdwuwly hwoybgnygbph
wywndwwn gpwugdwu hwdwlwpg, npny  hwogwpyynd £ wndjug hulhs Yhwmned
YpYuwyh Jbpwqwugnuubin: Fpwuny  wwwhnyynd £ hhnpnnhtwdhulywu
uhybihpwgdwu hwdwlwngh swithwaghunwywu hupuwwwnbuinwynpnid,
hwjwuwptgybiny htinnlyh wytigndbunphwlywu ghdp:

Uzfluwwnwuph  gnpStwlywt  tpwbwYnipyniup:  Ywuiwpbijwgnpdywd
hpnpnnhuwdhywlywu  upybhpwgdwtu  hwdwluwpgnd  dowlyywsd  wignhphpdny
wywmndwwnwgynwd BU nhurnwpldwu w2fuwwmwuputipp, pwpdpwgynid swthnwdubph
Jwwwpdwu  wpunwnpnquuunggniup b Goinngguit - wuwnhéwup,  npny
pwgwnynud G twl dwutwgbnh  Ynndhg pny; tipdwd  ufuwjubpp: “pwtng
Ujuwqbigynud £ Yuwnwnpynn wofuwnwupubiph huptwndtipp, pugh  wyn Yuwp
hwdwguwugh hbGwn pny| L wwhu hwjwpwantp swhnudubiph ndjwubpp day
punhwunip YGuwmpnund, npp huwpwynpnygntt £ wwijhu  nwnduwuhptp b
htwnwgnwt| Jdh gwpp Ywnnygubiph nb$bnpdwghntu gnpdpupwgubpp b niubuwg
wdpnnowlwu  opjiyinhy  wuwwlbpp: <hnpnnhuwdhyuwlwu  uhybhpwgdwu
hwdwlwpgp ubipyuwywgyt § ywwnbunmwynpdwt, nph hnUwpwpnigyuwt pwuwalp
Suwlybpyywsd £ hbunlyw wnbpunnd'  «hnpnnhuwdhyulwu  uhybihpwgdwu
Gnwuwyny hGunwgnunynn dh funudp Yhwnbph Ypluwyh swhwagpdwu thnfuwpb,
swithhs hwdwlwpgnid UGpwnyw) hbnnyh dwlwpnwyh wnweht thnthnfuntpntuny
htnnlyh  2wpdn  pwpdpwund L hbnniyh dwlwpnwyp,  Gpypnpn
thnthnfuniggniuny’  henniyh dwlwpnwu  houbin  gpwugynid B swithdwu
wyjwubpp b dowyynid, unngynid jnpwpwtsinip Yhwnud swihdwu Gannipgniup,
npwuny wwjdwuwynpywsd wywnqbgynwd § swihdwu gnpdpupwgp, pwpdpwgubiing
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w2fuwinwuph wpwwnpnnuywuntgntup, Ypdwnbind nwunwduwuhpynn YGwnbpph
wyjwiubph  dowlydwu  dJwdwuwlwhwwndwsdp, huly  wwhwieynn wyjwiubinh
hwywpwagpdwu hwdwn ogunwagnpdynid £ GSM dnntidutiph gwiug W utipytip»:

Muwwnwwunipjuup uGplyuywgynid ku.

* gnpdnn hhnpnnhuwdhyulwu uhybijhpwgdwu hwdwlwngh
hbunwgnunnipnuutiph wpryntupnd hwjunuwpbpwsd pbipnyeniiutpp, npp hpdp |
hwunhuwgti| npwug Ybpwlwnnigdwu nt wwnndwnwgdwt wuhpwdbownnieniup,

¢ Jwnwywpdwu W gpuwugdwu pinyh dawlywsd LiGlunpnuwht ufubdwu,
nhinwpyywsd hwadtgnygutiph hwagwnlp, wpnpwwnp thnpdtiph wpryniupubipp,
YpYuwlh  swihdwu  dhongny  Ybpwquwugnudubph  npnodwt Gonnejwiu
pwnapwgnedp,

e nwppbp Ywnnygubpnud  wnbnunpdwd <HuL-h woluwwnwupubpp  day
ytuwmpnuhg Ywnwywpbint htwpwynpnigyniuubpp:

Lbwnwgnuinyejwt wpnniupubph hwjwuwhnipyniup: Shuinwlwu unpnyeh,
wnwownynipyniuubph W Ggpuywgnieniuubph hwywuwnpnipntut hwuwmwwnynd
&u'

o Jwuwwpbjwagnpdwd  hphnpnnhuwdhwywu  uhybGihpwgdwu  hwdwywpgh
(wpnpwwnnp - hGunwgnunggniuutippg b wbuwlwu  hwodwplubiphg  unwgywd
wpryntuputinny,

o hwpquplwihu wpnh dpwgnptiph  ogqunwgnpddwt  dhongny - swithwagnywsd
wyjw(ubph dawldwu wignphpdny,

o swithwapywd  wnyuwubiph  dowydwu  wpryntupnd unwgywd  pupén
Gownnipjwu  wnyjwubph wwwhnyndp®  ubipyuynd - gnpdnn 2huwpwpulw
unpdbpny  Gwppwwnbudwsd  nbdnpdwghwubiph npnpdwtu ubpluywgynn
wwhwueubtiphu:

Lbwnwgnuinyejwu wpryniupubph twhiwihnpdwhwywunye)nitp:
UwnbGUwununygjwu hpduwywu wpryntupubipp (hhnpnnhuwdhyulywu
uhytijhpwgdwu hwdwlwngh jwpnwwnnp hGunwgnnneniuutin) hnpdwplyt) Gu
2017-2021 pqwlwuubiphu B8CLUL-h wlwntdhynu L Unduhujwuh  wuywu
Gtinnbghwih wpnpdwiht jwpnpninnphwnud:

Uwnbtuwhinunyejwt hpuwwwpwynwubpp: Unbuwfunuwwi wpfuwmnwuph
ptiwny hpwwwpwyytp £ 13 ghunwlwu hnndwd, npnup ubpluyugywsd  Gu
ghwlwunipjwu guulynu:

<L Fynundhluwih twfuwpwpnipjwu Uwnwydnp ubthwlwunyejwu gpuubujulh
Ynnuhg 23.08.2021 . ubipyujugywd N AM 20210067Y hwjinh 01.12.2021 . nyby
E <hnpnnhuwdhywywu uhdbihpwgdwu hwdwlwpgh gnunp Yupdwdwdybn N
684 Y wpwnnuwaghpp:

Uwnbtwhununipyjut jugdp b dwywip:  UwbUwfununiginiup punugwsd b
utipwdnipntuhg, 3 qljuphg, tgpwlwgnieniuutiphg W wnwewpynyentuutinhg,
oquuwaghpdywsd  gpwlwunywu  gwulhg:  Uguwwnwupp  wpwnpud L
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owpddwu  hwjwuwpnuubip, wuwnbubind  wunend  quuynn  htinnyh
hubpghwtu, Geb funnuwywowpu  nuh dwwwbu  unyu  wpwdwaghdp L
dRUnnpnwhtu Guondu wunph ypw unyuu k:

Ny unwghnuwnp 2wpddwu hwdwuwpndubpu niubu hbnbyw) wbupp’

7 Z_““’Z (V—Vl> V2 ldv_l_zh,
17 2¢g F F? gdt

“ga M

dV
Zn—l_Zn nl — Zhnl

udtu  dph  wunph hwdwn htinntyh hnuwuph wpddwu  wufugbifhniejwu
hwdwuwpndubpu niubu hGnbyjw] wbupp'

dZ_U wV_ le_(V V)w_
dc F o odt YR
,,,,,,,,,,,,,,,,,,,,,,,, )
az. az w
dr; L= (Vn 2 n—1); d_tn = Fl Vn—l:

Quithdwu uqqpmd wunputiph dtie qwuynn hbnnyph  dwlwpnwlu  niuh
nwwnwunnwlwy punyp, pwjg npnawlh dwdwuwyhg htiwnn, t ¢ - t = 15-20%)
ghpdnnnipntup  nwnund £ Yugnt W wunpUbph  dhol  Gnwd  hbtinnyubiph
dwlywpnuyubph dholt  uwnbindynwd £ pwpdpnipiniuubph wwppbpnygniu Aay,
Ahy, ..., Ahy: <bnniyh owpddwt pwtwslUu punniund £ hbunlyw) inbupp'

7 Z_““’Z (V—V1> v? ldv_l_zh,
7 29 F F? gdt

Z-Zy= ) s

,,,,,,,,,,,,,,,,,,,,,,,, 3
Zp1—Zn=Xhn 1;
huy  duluwpnwlwihu wufugbijhnipyniup dunud L wuthnthnfu:
Cwjwuwpnwiubphg  Gpund £ np hwplwt  wunpUbiph  dbe  quudnn
hGnnjutinh  twppbpnigyniup hwywuwp £ Eubipghwh Ynpunpu
Z—1, = const; 2, — 7, = const; Z,, —Z,_, = const;

dz dz, _ dZ, dZ, ”
dt dt O dt dt )
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dt dt
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Unwehtu W Gpypnpn ghylbiph  wwppbipniginiup  hwdwwywwnwufuwund  §
Ewrwnuwiht udnigh hwunnieywup: UGY hdwnyupt hwdwwwwnwuluwu gdwihu
dhwynpp  npngtiint hwdwp  Lwwinuwiht - udnigh  hwuwnngejwu - wpdbpp  (A)
pwdwuyb| £ 1-hu U 2-pn ghlyph hdwnyuubph  wwppbpniguu (N2 - Ni) dhohu
pYwpwuwlwu wndbiph ypw:

£ 1-hu b 2-pn ghyiph finwnuwiht udnghtu hwdwwwnwufuwunn daYy hdwniup
wnpdtipp’

hy 10,06 Wi/

G =N TN, T 1389706

= 0,0000724 i/ (5)

_ e DS 0,0000718 u/if
" N, —N, 3568372 :

Uhoht pywpwitwlywt ufuwp Yywqdh'

= 0,0000724 + 0.0000718

G

= 0,000072 /uf:

2
Unwehu W Gplpnpn bniwnuwghtu udnwubiph A-h W h>-h swihywd wpdbipubipp’
h, = (N,- N,)C = 138970,6 - 0,000072 = 10,006 Ui
h, = (N, - N,)C = 3568372 - 0,000072 = 25,692 Ui (6)
Quihdwu ufuwp Yuqdb £
e wnwohu btnwnuwjht Wdniph hwdwp'  f = 10,06 — 10,006 = 0,054 4,
e bipypnpn Erwnuwiht udnigh hwdwp' f = 25,692 — 25,65 = 0,042
Ujuwhuny jwpnpwwnnp thnpdbiph wpryntupnud b hwohy wju pwuh np swithdwu
dhwynph wpdtipp thnppwgyb) £ dnn 1000 wuquwd, unwgybg np dbly  hdwnyuu
wpwwhwjnywsd gdwihtu dhwynpny, hwdwwwwnwuuwunwd £ 0,000072 dd, huy
dhoht  pwnwlnwwihu upuwp Yugind ' m~0,050: <VYu<-h  hwonpn
(wpnpwwnp - thnpdwpydwu  dwdwuwly  ninhn W hwlwnhp  ninnugjudp
swihnwiubph  dhongny  ndyhp £ <VLL-h  hupuwwinbunwynpdwu  futinhpp:
Pnpsbiph wpnyntupubpp gnyg wdbtight, np hwlwnhp ninnnugyudp swithnwdubph
wprynitupubiph pwgwpdwly  wpdbpubipp  wwpptipdnd Gu ninpn ninnnygjwdp
Ywwwpywsd swihndubiphg: tw pwgwwpynd £ upwuny, np wubtinhg Ywehih
wnyybint wwhp nbinp £ niubund npng hwwwnnuwing, vwlwju ybpwquugnwiubph
hwdtidwwwlwu wpdbiputipp wwhwwudnd Gu: Uowldb, b ubpluywgyty &
Microsoft Excel  dpwgpny, npunbin ubpluwjwgws U hdwnyuubpp pqwihu
wbiupny puwn optiph, dwdbph W 9Gpdwuwnphtwuh (wnnwwly.2):
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L]
2 2 20 19 2 2 20 19 2 2 20 19
7 061219 051219 041219 031219 /061219 051219 041219 081219 / 061219 051219 041219 (031219
120220 120219 120219 12:02:18 12:02:20 12:0219 120219 12:02:18 120220 120219 120219 120218
> 1
74C 75C 79C 7.7°C -1- -
£ AL+.+A6
N 1A+ +A6 2
1 R n M AR 8B M "

1 101911 101827 102038 101844 10190500 1 600 7800 13300 6100 1 36,00 6084.00  17689.00 3721.00 27530.00 458833 16592

_2_ 98336 98415 98606 98765 98530.50 _ 19450 11550 m7550 m23450 2_ 37830.25 1334025 570025 54990.25 111861.00 1864350 334.46

3 1113 8 111186 111178 111119 11121025 _3 w4775 2425 3225 9125 21830.06  588.06 1040.06  8326.56  31784.75 529746  178.28

4 81069 80997 81397 81281 8118600 4 117.00 189.00 -21100 -9500 4 13689.00 35721.00 44521.00 902500 102956.00 17159.33 320.87

-

- | -2- 2 >2

77985 77761 78167 77996 7797725 _ #7175 21625 -189.75 <1875 _ 60.06  46764.06 3600506 351.56  83180.75 1386346 28841

2 57317 57257 57810 57745 5753225 2 21525 27525 -277.75 -21275 2 4633256 7576256 7714506 4526256 24450275 40750.46 494.47

3 44262 44190 44998 44662 4452800 _3 266.00 338.00 -470.00 -134.00 70756.00 114244.00 220900.00 17956.00 423856.00 70642.67 651.04

4 51724 51518 51936 5174575 4 2175 227.75 -19025 -50.25 4 47306 51870.06 3619506 351056 92048.75 1534146 303.40

1 000072 , 1 - 13889

=( +1+8B+ ..+/)/

I
—
[y
o
~

1-,1,3 1 '
z | =z1/ -X, A1/ = -X
m= 1 ] :
"m-
0,000072
GSM : -
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0.04
0.05
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huwpwynpniggntt £ unbinddb]  Ywwmwnb)  swihnwdutipph - wywndwwnwgnd W
htnwlywnwywpnud, nph hwdwp dnunwynpwwbu snpu wuqud  Ypbwwnb| Gu
nhunwplydwu wlnnnipniup:

4. Ywnwywpdwu b gpwugdwu pinyh dowyywsd EiGYwnpnuwihtu ujubdwiny
hUwpwynpnieyniu untindytig dbppwquinygt wdtu dh hwayhsh hwdwnp
wuhwwwywu wwwmwubphg, hwdwwwwnwufuwuwpwp npwug dnunwdnwdhg b
Yuwpqwynpnuhg

5. <TL&-h unp dowlydwd  RGYwmpwlwu  upbdwind  nhunwpyywsd
hwaytignygutiph hwayunlyp ulyuynud £ ng b npnawlh npdwsd 0 dwlwpnwlhg,
w)| w2fuwinwupwiht htnny dwytplnypep biGYunpnn-wubinh htun huydwt wnwehu
wwhhg, wuwbu Yngdwsd tGlughtu wyhshg dhugle ytinght indhsh Liinpnn-wutinh
htwn  huydbp: Ywwwpdtp £ Yuwnwydwpdwu L gpwugdwu  pinyh  hwadhsh
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ujwlwnwyp  thnfuwppudt £ dwdwuwlwhwowpyny  (GYwnpnuwhu
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LUATYPAH APTEM CEPEXAEXNY
COBEPLUEHCTBOBAHWE CUCTEMbI TMAPOANHAMWYECKOIO
HUBWHNPOBAHWA M MOBbLILUEHWME CTEMEHW TOYHOCTWU
PE3IOME
OcHoBHoll Uenbto HUP sBnsieTcs ycoBepLUEHCTBOBaHME WM MOJEPHU3ALMA CUCTEMBbI

rMapoAMHAMNYECKOTO HUBENMPOBaHWS, CO3[aHHOI paHee, B 1975-88 IT., C BO3MOXHOCTbIO
aBTomMaTM3auum npoLecca permcTpaummn n 06paboTky AaHHbIX HabnofeHnn, obecneymnBas
MpW 3TOM COOTBETCTBYIOLLMM UHTEP(eicoM, NOPTOM, YTO NO3BONSET faHHble HabMOAeHWI
B peXWMe OHMaliH uyepe3 rnobaibHbI VIHTEpHET nepefatb B OAWH OOWWIA LEeHTp Ans
aHanUTUYecKol paboTbl. [414 3TOro Gbiv BbINOHEHBI CefytoLLyve paboThbl.

1. Tlogpo6HO u3y4eHbl TEOPETMYECKME W MPaKTUYECKME MPUHLMNLI  paboTbl
rMapocTaTUYeCcKnX, rMAPOAUHAMUYECKUX, TUAPOMOPLUHEBLIX CUCTEM HUBENMPOBAHMS,
OLeHeHa TOYHOCTb UX M3MepeHus. MpoBefeH CPaBHWUTENbHbIV aHaIM3 yKa3aHHbIX CUCTEM
0N BbIABNEHWA 3MEMEKTUBHOCTM U LIENecoobpasHOCTM MX WCMOMb30BaHWSA, a Takxke
HeLOCTaTKOB 3KCMyaTauym, He OTBeYatoLLMX TPeboBaHWAM COBPEMEHHbIX TEXHOMOTUIA.

2. M3yyeHbl npuHUMN paboTbl aBTOMATU3NPOBaHHOW CUCTEMbI FMAPOANHAMUYECKOTO
HuBenupoBaHua (ACIOH), MeToAmKa U3MepeHus U peXxuM ABUXXEHUS XXUAKOCTH, OLEeHeHa
TOYHOCTb M3MEPeHWs, NPUBEAEHbl HELOCTaTKM CYLUECTBYIOLLEA cucTeMbl M 0BOCHOBaHa
HeobX0AVMMOCTb PEKOHCTPYKLMM 1 aBTOMATK3aLMK, YTO NO3BOJISET YBENNYUTL HE TOJBKO
TOYHOCTb W3MEpPeHUs, HO W MPOW3BOAUTENBHOCTb, @ TakKe BbINOMHATE W3MEepeHUs
[MCTAHLMOHHO, COKPaTUTL paboyee Bpems 06paboTKu N3MEPEHHDBIX JaHHbIX U T. [,

3. [Ba knanaHa B KOHCTpyKuun CIAH 6bliy 3aMeHeHbl Ha OfMH, UYTO MO3BONIO
aBTOMaTM3MpPOBaTh MPOLIECC M3MepeHus W 06ecrneynTb AWUCTaHUMOHHOE YnpaBfieHue,
COKpaTWB NPOJO/MHKUTENBHOCTb HAGMIOAEHNA B YETbIPE pasa.

4. Pa3paboTaHHas 3NeKTPOHHasA Cxema 6/ioKa KOHTPONs WM perucrpauumn npvsena K
YMPOLLEHNIO KOHCTPYKLMW CUCTEMBI, K YMEHbLLIEHWIO rabapuT 1 Macchbl 6/10Ka KOHTPONS U
perucTpaLmu, a Takke K MOBbILLEHNIO YyBCTBUTENILHOCTU BBOAA AaHHBIX. MexaHuyeckue
CYETUMKW 3aMeHEHbI 3/1IEKTPOHHO 0HOPAa3PAAHOI NaHesbto.

5. bnarogaps asTOMaTM3auuM npouecca W3MEpeHus OT4YeT HauuHaeTcd He C
onpeseneHHOro 3afaHHoro ypoBHs 0, a C NepBoro MOMeHTa KacaHus NMoBepxHOCTU paboueit
XWOKOCTW C 3NEeKTPOAOM-UrNON, OT TaK Ha3blBAEMOrO MCXOAHOFO AaTuMka 4O MOMEHTa
KacaHus B NocfiegHeM AaTumke C 371eKTPOAOM-UI/I0N, nocne Yero 6anaHCMpPOBOYHBIN 6a4oK
paboueli XX1AKOCTM BO3BPALLAETCA B PEXMM NOKOS. PasHuua B BbicoTe [bn, OTUET KaXA0ro
[iaTumKa CpaBHMBAETCH C UCXOAHON TOUKOW. MpenMyLLecTBO MOAEPHU3MPOBAHHOW CUCTEMBI
B TOM, YTO COOTBETCTBYIOLIME [AATUMKN HE OTPaXAIOT BbICOTY Z., OTCUMTAHHYH OT
onpefeneHHoro ycnoBHoro yposHsa 0-0, a HeNocpeCTBEHHO Aat0T pasHuLbl B BbicoTe b,
Ob2,..0b:, OTCUET K&KAOro faTynka CpPaBHUBAETCA C WCXOLHON TOUKOW. JTO 0bneryvaet
06paboTKy M aHaNn3 faHHbIX N3MEPEHUIA.

6. Vimnynbc 06pasytoLmii y3en (hoToanoa-naMna 1 BpalLatoLLMiics AUcK) Obii 3aMeHeH
XPOHOMETPOM B BUE 3NMEKTPOHHbLIX 4acoB, TOYHOCTb KOTOPbIX cocTasnseT 10-5 cek., Tem
CaMbIM 6blfa MOBbILLEHA TOYHOCTb M3MEPEHUS, TO CTb NOABUIACH BO3MOXHOCTb C BbICOKOM
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TOYHOCTbIO 3aMKCMPOBATb B [ATUMKAX MOMEHT KacaHus MOBEPXHOCTU MNOLHUMaeMoi
paboueii XWAKOCTM C WI/OW 3NekTpoga. B 3TOM cnyyae 3HayeHWe W3MEPUTENbHOIO
OT[IENEHNS, BbIPOXXEHHOE B JIMHEHON efyHNLIE, BMECTO MoMyyYeHHOro BHavane 0,0480 Mw,
coctasuno 0,000072 mm:

7. PesynbTatbl N1ab0pPaTOPHbIX 3KCMNEPUMEHTOB MOKAa3a/M, YTO MOMYYEHHble 3HaYeHus
MPeBbILLHNIA HAXOAATCA B AManasoHe onpefeneHns SOMYCTUMbIX MOrPeLIHOCTe TOYHOCTH
M3MEepPEHN cucTeMbl. ITO O3HAYaeT, YTO 3a CYHeT ABOWHOro M3MepeHUs Mbl 06ecneynBaem
MOBbILLEHNE TOYHOCTW OMNPefeneHUs MPeBbIUEHWA, YTO MO3BOMISET PELUTb TaKke
npobnemy camoaTTecTauum CUCTEMbI.

8. B PesynbTare YCOBEPLUEHCTBOBAHWUS TMAPOAVHAMUYECKON HWBENVPHOWM CUCTEMbI
C034aeTcs BO3MOXHOCTb M3 OfHOrO OOLLEro LeHTpa ferko ynpasnaTb paboToi YCTPOICTB,
YCTaHOB/IEHHBIX B Pa3/IMYHbIX KOHCTPYKLMSAX, 06pabaTbiBaTh U aHaNM3MPOBATL pe3ynbTaThl
M3MEpPEHNA B OOHOM LEHTPe, JAaBaTb 3aK/lOYeHWe O BEPTUKAIbHbLIX Aediopmaumnsx
KOHCTPYKLIMIA COOPYYXEHUIA.

9. C y4eTOM BO3MOXHOCTEW WCMO/Mb30BaHNS HOBbIX MaTepuasioB, a Takke pasBuTUs
COBPEMEHHBIX TEXHOMOTUIA Hapsgdy C NPOBOAVMMBLIMW  KOHCTPYKTOPCKMMM paboTamu
pa3pabaTblBanvCb OpUrMHabHblEe YCTPOCTBA ANs faslbHElLLIero CepuitHoOro Npou3BOACTBA.

10. Ha ocHoBe nogaHHoli Hamm 3asaBku (bl AM 20210067Y ot 01.12.2021) YnpaeneHue
VHTENNeKTyanbHol cO6CTBEHHOCTY MUHUCTEPCTBA SKOHOMUKM PA Bb4ano KpaTKOCPOUHbIiA
naTeHT N 684 Y Ha n306peTeHue CMCTEMbI TMAPOANHAMUYECKOTO HUBENMPOBAHNS.

C nomoLLpbto NabopaTopHbIX UCNbITaHWIA Oblna onpegeneHa TOYHOCTb U3MEPEHUS ABYX
onbITHLIX 06pasyoB ACIQH, kotopas coctasuna 0,04...0,05 MM, BMeCTO npexHeli -0,2 M.
PaspaboTaHa cucTeMa aBTOMaTUYECKOl perncTpaLmmn 0TCUYeTOB NpY NogbemMe U OnyckaHWn
XWOKOCTW B AaTuMKe, PacrofiOXXeHHOM B KaXAoW KOHTPOMbHON TOUKe HabnogeHws, no
KOTOPOIA BbIYMCNAKOTCA NOBTOPHbIE MPEBbILLEHNA B 4aHHOW KOHTPO/IbHO TOUKE.

YcosepLueHcTBoBaHHass CIFAH ¢ pa3paboTaHHbIM anropuTMOM MO3BOMSET MOBbLICUTH
TOYHOCTb M MPOM3BOAMTENLHOCTL M3MEPEHUIA, TaK Kak aBTOMAaTM3MPOBaHbl KOHTPO/IbHbIE
paboTbl, YTO WUCK/OYaeT CYObLEKTUBHbIE OLUIMOKM cneupanmcta. 3TO YCNoBWe NO3BONSET
M3Y4mnTb MPOLIECCHI BEPTUKANbHOW AedhopMaLyu psfa COOPYXXEHWI U NOMYYUTb LLENOCTHYHO
06BLEKTUBHYIO KapTUHY.

ABTOMaTusnposaHHyto CIFAH uenecoobpasHo NpUMeHATb B Tex pabounx 30Hax, rae
3aTpyfHeH [OCTYN K M3MepseMblM TOYKaM, a Takxe, Korja WMeeTcs BpedHas cpefa
(BbIcOKas Temnepatypa, paguaums, Buépauma u T.4.) And 300POBbA CreupanmcTa.

YunTbiBasl, UTO Tepputopus PA cuuTaeTcs aKTVMBHOI CcelicMuyeckoii 3oHoi, ACITAH
MOXHO WCMO/Mb30BaTb B MPOLIECCE TE0fe3MYECKOr0 MOHWTOPUHIA ANS  UCCefoBaHua
BEPTWKa/IbHbIX CABUIOB 3eMHON KOpbl B PErMoHax reofe3vMyeckmx W CecMonormyeckux
reofMHaMM4yecknx MOMIMIOHOB C LEMb0 MPOrHO3MPOBaHUA 3eMneTpsceHnii. ACIAH
LienecoobpasHo MPUMeHATb Takke ANA  AOAFOCPOYHOTO  MOHUTOPWHIE  OT/IOXKEHWIA
(hyHAAMEHTOB BbICOTHbIX COOPYXEHWIA, NO [LaHHbIM KOTOPOr0 MOXHO O6YyAeT YTOUHWTb
pasmep HedoMyCTUMbIX Ae(opMaLuii, N3y4nTb UX MPUYMHBLI U CBOEBPEMEHHO MPUMEHUTb
TEXHUYECKME Mepbl M0 UX YCTPaHEHWIO.
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ARTYOM TSATURYAN

THE IMPROVEMENT OF HYDRODYNAMIC LEVELLING SYSTEM AND INCREASING
DEGREE OF ACCURACY
RESUME

The main purpose of scientific research work is to improve and modernize the
Hydrodynamic Levelling System, created earlier in 1975-88, with the capabilities of
process recording automation and processing observation data, at the same time
providing appropriate interface and port, which allows to transfer online the
observational data into one main center via global Internet for analytical work.

1. The theoretical and practical principles of operation of hydrostatic, hydrodynamic,
hydro piston levelling systems have been studied in detail, their measurement accuracy
is estimated. The comparative analyses of these systems were carried out for
identification the effectiveness and expediency of their use, as well as drawbacks of
operation, which do not satisfy requirements of modern technologies.

2. The operation principles of automated system of HLS, the measurement methods and
regime liquid motion have been studied, measurement accuracy is estimated,
disadvantages of existing system are shown and the necessity of modifications and
automation is substantiated, which allows to increase not only the measurement
accuracy, but also productivity, as well as to carry out measurements remotely, reduce
the working time for processing measured data, etc.

3. Two valves in the HLS design have been replaced with one, which allows to automate
measurement process and provide remote control, reducing the duration of observation
by four times.

4. The Developed electronic scheme of control unit and registration led a simplification
of the system design, to reduce the size and weight of the control and registration unit,
as well as the increasing the sensitivity of data entry. Mechanical indicators have been
replaced by an electronic single-discharge panel.

5. Due to the automation of the measurement process, the report does not start at a
certain level O, but from the first moment of touching the working liquid surface with
the electrode-needle, so called the touch moment from initial sensor until last sensor
with a electrode-needle, after that balancing tank of the working liquid returns to rest
mode. The height difference Ahn the report of each sensor is compared with the initial
point. The advantages of modernized system is that the corresponding sensors do not
show the Zn heights, calculated from a certain relative level 0-0, and directly give the
differences in heights Ahi, Ah;,...Ahn, the report of each sensor is compared with the
initial point. It facilitates the processing measurements and data analyzing.

6. The pulse-generating unit (photodiode-lamp and rotating disc) was replaced by a
chronometer in the form of an electronic clock, the accuracy is 105seconds, in that
way the measurement accuracy was increased, so it became possible to fix in sensors
the touch moment of surface of lifting working liquid with high accuracy by needle
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electrode. In this case, the value of the measuring unit, expressed in a linear unit,
instead of the initial 0.0480 mm, it is 0.000072 mm.

7. The results of laboratory experiments have showed that the obtained values of altitudes
are in the range of the permissible errors of the measurement accuracy of the system.
This means that due to the double measurements, we provide the high accuracy of the
determination of altitudes, which also allows to solve the problem of self-certification
ofthe system.

8. As aresult of the improvement of the HLS, it is possible to easily control the devices
operation (installed in various structures) from one center, to process and analyze the
measurements results in one center, to give a conclusion about vertical deformations of
construction structures.

9. Taking into account the possibilities of using new materials, as well as the development
of modern technologies, with the design works the original devices were developed for
further serial production.

10. On the basis of our application (NAM20210067Y from 01.12.2021), the Intellectual
Property Office of the Ministry of Economy of RA issued a short-term patent N684Y
for the invention ofthe HLS.

The laboratory tests were carried out for determination the measurements accuracy

of 2 prototypes of HLS, which was 0.04...0.05 mm instead of the previous 0.2 mm. A
system of automatic records was developed, which allows to have data during raising and
lowering the liquid in the sensor, which is located at each monitoring control point, with
that automatic system the repeated altitudes are calculated on that control point. The
improved HLS with developed algorithm allows to increase the accuracy and
productivity of measurements, as the control work is automated, which excludes
subjective errors of the specialist. This condition allows to study the processes of vertical
deformation of a series of structures and get a complete objective picture. Automated
HLS is reasonable to apply in those working areas where difficulties are in order to access
the measured points, as well as in harmful environment (high temperature, radiation,
vibration, etc.) for the health of the specialist. Taking into account that the territory of
RA is considered an active seismic zone, Automated HLS can be used in the process of
geodetic monitoring for the study of displacement of the earth's crust in the regions of
geodetic and seismological geodynamic polygons for the purpose of forecasting
earthquakes. It is advisable to apply AHLS also for long-term monitoring of foundations
of high-rise structures, according to the observed data, it will be possible to determine
the size of unacceptable deformations, study their causes and apply technic measures to
eliminate them in atime.
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