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UchiuSuuLh CLIKULNR APLNRMIUSHME

UWluwwnwtuph wpnhwlwunipymup: dwdwuwlwlyhg  wnbjuuninghwubiph
qupgwugdwup  gnigpupwg  qupgwunwd  F Uwb  pwnwpwghwlwu L
wpryniuwpbpulwu 2htwpwpnigjwu, hwupwpnyniiwpbpniepjwt, hhnpninbifuth-
Juwlwu, hwwnly Upwlwlynpejwtu ni Bquyh Ywnnygubph 2huwpwpnyejwl
ninpunutipp: Logwd Ywnnygubiph ohtwpwpniggniup ufuynid b wwpundnd |
pwpwnbqugpwagbinnbghwywt  wofjuwwnwupubpny:  Ybnnbghwlwu  swihnwiubpu
ppwlwuwgynwd tu ny dhwjt twhiwgddwu b Ywunnigdwt, wy twb npwug
owhwagnpddwt  pupwgpnuw, lJwd owhwgnpdnuihg hbtwnn:  Uuhpwdbtion |
dnwnhinwpynuwd  hpwlwuwgul) Ywnnygubph hpdpbph U npwtg  wnwudht
Ynuuwnpniyghwubph nbbnpdwghwubpp npnobine hwdwp:

Chuwpwpniygjwtu  dwywjubph  wybjugdwu hbn  wdbwund £ uwl
gbinnbghwlwu swihnwiubph Swdwp: huy npwup dwdwuwyhu b npwyny
Ywwwpbnt hwdwp, wuhpwdbonnieniu £ wnwowund gbnnbighwywu gnpdhp-
uwppwynpnuiubpp Yuwmwpbjugnpdt:

Wliwwnwuph tywwnwyp b fuunhpubpp: Lhwnwgnundwu g{fuwynp
tywwwlu £ Ywuwpbuwgnpdt; L dJwdwuwlwyhg  wbuph  pbipbg
hhnpnnhuwdhlywywu uhybhpwgdwu hwdwwpgp, wyunndwwnwgub)
nhunwnplynn ndjuiutiph gpwugdwu b npwug dowlydwu gnpdpupwgubnp:
Wuwwnwuph  uwywwwyht  hwutbint hwdwp  wnwownnylk)  Gu  hbwnlyw|
fuunhputipp:

Ywwwpbijwgnnpsétip  hhnpnnhuwdhywlwu  uhybjhpwgdwu  hwdwlwpgp,
pwndpwgub) swihnwiubph dounniejwt wuwnhéwup, wywnndwnwgub) swhwapwd
wnjuiutiph dowynidu: Hpwup nstiint hwdwp wuhpwdtiown Gu.

e wywnndwuwwgub  hpnpnnhuwdhyuwlwu  upydbihpwgdwt  hwdwlwpgp'
ogunwgnnpdtiiny  unp  EEyupwltdbunwht pwquw,  dowlyl)  swihnwiubiph
wywnndwwnwgdwu wignphped,

¢ Jwwwpbjwgnpdt) jwnwlwpdwu b gpwugdwt pinyu wjuwbu, np wnwug
dwutwgbinh  dhowdwnnipjut, nhunwpywsd pYwiht  wdjwiubpp  gpwugybu
hwdwlwpgswihu wywhngnd,

e hhnpnnhuwdpluywu uhythpwgdwu hwdwYywpqu wwwhnyb
hwidwwwuwwufuwu  hunbpdtjuny, npp huwpwynpnieniu £ nwhu nhnwpyywsd
wnjjwubpp hwdwgwugh dhongny ppwlywt dwdwuwynwd nbnuihnfub dby
punhwunip  YGuwnpnu, npwug dowlydwu L Jbpnodwlwt  woluwwnwupubn
Ywuwnwpbnt hwdwp:

LEnwgnnnipjut dEpnnupwunipyniip:

¢ Nwnuwiuwuhpb) hbnwgnndwu wnwplwiht yepwpbpnn gpwywuniye)niup:

o Ywwwpbjwgnpdywsd hhnpnnhuwdhywlwu uhybhpwgdwt hwdwlwpgnid
pwpdpwgubing  swihwgpdwt  Gouingjuwt wuwnhbwup,  huwpwynpnigyntu
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Yuntindyh gnpduwywunw dwyywsd dbpnnwpwunigjudp pwnpdp townigjudp
npngtiint  Ywnnygubiph  hhdpbph W npwtg  wnwudht  Ynuunpniyghwubph
ninnwdhg nE$npdwghwubpp:

Ujuwwnwuph ghnwlwt unpnypep:

o Uowlyb| £ wignphpd, npp htwpwynpnipniu £ wwhu Yunwpbjugnpdywsd
hhnpnnhuwdhyuwlwu  upybhpwgiwt  hwdwluwpgnd  pwpépwgut)  swithdwu
tonngyniup b nhnwpywsd  njuubpy wdundwn  nkidhdny  thnfuwugh)
Ywnwywpdwu b gpwugdwu pny,

o Upwlytiy £ huwmbpdbju, nph dhongny hpwlwu dwdwuwyh nbdhdnyg
thnjuwugqwsd  swihdwt  wpryniupubipt ninupyynd - Gu dbY  punhwunip
woluwwnwwnbn, npwup  dowybnt L hwdwwywunwupuwu  Jbpndwlwu
w2luwwnwupubin Yuwwnwpbnt hwdwnp,

o Ywunwpbijwgnpdywsd hhnpnnhuwdhwlwu  uhybihpwgdwu  hwdwywpgh
thnpéwpynuwiubiph wpryniupnud unwgtip Gup 0,04...0,05 JuU swthdwt Gownnieyntu,
npp  dh  pwuh wuqwd gbpwquwugnd £ uwjuyhu  hhnpnnhtwdhyuywu
uhybtiihpwgdwu hwdwywpgh 0,2 dd Gannipjwun:

o Uowyb| E nhuinwplydwt jnipwpwuginip huyhs Yewnd inbnulyuwpgws nghgnid
htinniyh  dwwpnwyh pwpdpwgdwt b hobigdwtu dwdwuwly hwoytignygtiph
wywnndwwn gpwugdwu hwdwlwng, npny  hwodwpyynwd £ indyug huhyhs Yewnnd
Ynyuwyh Ybpwquugnwiubp: Hpwun wwwhndynud £ hhnpnhuwdhlywywu
uhybijhpwgdwu hwdwYwpgh swithwghnwlwu huptwwwnbunwynpnid,
hwjwuwpbigybiny htnnwyh wjtigndbinphwywu ghdp:

Wuwwwuph  gnpéuwlwt  wwuwympymup:  Ywwnwpbugnpdywd
hhnpnnhuwdhywywu  uhybihpwgdwt  hwdwlwpgnud  dowlywsd  wignphpdny
wywnndwwnwgynud bt nhinwplydw wotuwwnmwupubinp, pwpdpwgynid swithnwdubiph
Jwuwwpdwu  wpnwnpnnuwunigniup - b Gnnpjwu wunhéwup,  npny
pwgwnynu U twl dwutwgbnh Ynndhg pny wpjwsd ufuwubpp: Fpwuny
Ujwqbigynud £ Yuunwnynn wpluwwnwuptbph hupuwnpdtpp, pwugh  wn Yuwp
hwdwgwugh hbwn pny £ wwhu hwjwpwagpb] swihnwdubiph wyjwiubpp  dby
punhwunip YGuwnpnund, npp htwpwynpnigyiniu £ wwijhu  nwnwtwupptp b
htitnwgnunt Jdh owpp Ywnnygutiph nbbnpdwghnt gnpépupwgubpp b niubitw]
wdpnnowlwu  opjlywhy  wwwlbpp: <hnpnnhuwdhywywu  uhybhpwgdwu
hwdwlwpgp ubpyuywgyb) £ ywnbunwynpdwu, nph hntwpwpnipjwu pwuwdalp
Suwybpwyyws £ hbnlyw; wbpunny'  «<hnpnnhuwdhyuwlywu  upybhpwgdwu
Gnwuwyny hGwnmwgnunynn dh funwdp Yewnbpp Ypluwyp swhwagpdwu hnjuwpbu,
swihhs hwdwwpgnu ubpwnyw) htnnyh dwlwpnwyh wnwehu thnthnfunyeniuny
htnnwyh  owpdny  pwpdpwunwd £ hGnniyh  dwlwpnwyp,  Bpypnpn
thnihnfuneyniund’  hbnnyp Jwlwpnwyu  poubind  gpwugynd  GU - swihdwu
wnyjuiutpp b dowyynid, unnigynud jnypwpwginip Yewnnuwd swihdwu Gonniegyniup,
npwuny wwydwuwynpywsd wwngbigynud £ swihdwu gnpdpupwgp, pwpdpwgubiing
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wofuwwmwuph  wpunwnpnnuywunigniup, Yndwunbiing nwnwiuwuhpynn Yhwnbph
ndjuiubph  dwyiwu  dwdwuwlwhwndwsdp, huy  wwhwugynn  wndjwiubph
hwjwpwagpdwt hwdwp ogunwgnpdynid £t GSM dnntidubiph gutg b ubipytip»:

NMuwnwwunipjwup ukpYuyugynid Gu.

e gnnénn hhnpnnhuwdhlyulwu uhybhpwgdw hwdwwpgh
htwnwagnunigniuubiph wpryniupnid hwynuwpbpywé ptipniyeggniuttipp, npp hpdp &
hwunhuwghb| npwug Yyepwywnnigdwt nt wdunndwnwgdwu wuhpwdbionngeniup,

¢ Jwnwywpdwu b gpwugdwt pinyh dowydws EYunpntuwiht ufubdw,
nhunwplywsd hwyytignygutiph hwajwpyp, wpnpwwnnp thnpdbiph wpryniuputipp,
YnYuwyh  swihdwu  dhongny  Ybpwquugnuiubph  npnpdwt  Gounniejwit
pwnapwgnudp,

e nwppbp Yuwnnygubpnud  wnbnunpjuwd <TYU<-h wotuwwnwuptbpp  dby
ytuwnpnuhg Ywnwywnbiint huwpwynpnigyniubinp:

LEwnwgnuinipjut wpyniupubph hwjwuwmpnyeyniup: Shinwywt unpnyeh,
wnwownpynyejniuubiph b Ggpulwgnigyniuubiph hwjwuwnhnieiniut hwuwnwnynid
tu'

o Jwwwpbjugnpdywsd  hhnpnhuwdhywywu  uhdbihpwgdwu  hwdwlwpgh
[wpnpwwinp - hbGnwgnunigniiutphg b wbuwlywu  hwodwpyubiphg  unwgywsd
wnpnyntupubipny,

e hwpquplujht wpnh Spwapbiph - oquwgnpddwt dhongny - swithwagnywd
njwiubiph dowydwu wignphpdnd,

e swihwgpywd  wndjuijubpp  dowldwu  wpryniupnud unnwgdwd  pwpdp
downnipjut  nyjwiubpp wuwwhnynip'  ubpyuinud  gnpénn ohuwpwpwlwu
unpdbpny  Uwpuwwbudws  nEdnpdwghwubph  npnpdwt  ubpYujwugynn
wwhwugubiphu:

LEwnwgnuinipjuiu wpnniupubph twuwihnpéwhwyjwunipyniup:
UwnbUwfununipjwu hhduwywu wpryntupubipp (hpnpnnhuwdhlywywu
uhythpwgdwt hwdwywngh jwpnwwnnp hbnwgnunnieniuutip) thnpdwpyyt) Gu
2017-2021 pywywuubphu B8CLUL-h wlwnbdhynu < Unduhujwuh  wudwu
Qtinntghwih ypnpGdwjht jwpnpninnphuwynud:

Unbuwlununyejwtu hpwwywpwynidubpp: Unbuwfunuwywt wpfuwwnwuph
ptdwiny hpwwwpwlyyty £ 13 ghwnwlywu hnndws, npnup ubplujwgdwd Gu
gpwlwunipjwu gwuynid:

<< Eynundhluwih twfuwpwpnipjut dnwynp ubthwiwunyeut gpwubujwlyp
Ynnuhg 23.08.2021 p. ubipyujwgywd N AM 20210067Y hwjinh 01.12.2021 p. wnyby
E <pnpnnhuwdhywywu uphdbihpwgdwt hwdwlwpgh gnunh  upbwdwdytin
N 684 Y wpwnnuwghpp:

Unbuwhinuniypyjut Yuqip b dwdwip:  UnbUwfununiygyniup punyugwsd k
ubpwéneyniuhg, 3 qifuhg, tigpwlwgnipniuutiphg W wnwownynieniuttinhg,
ogunwgnpdywsd  gpwlwunypuu  gwuyhg:  Ugjuwwnwupp  wpwnpjws b

5



hwdwlwpgswiht  Gnwuwynd’ nwdwd 127 toh Jpw' ubpwnbind 51 ulwnp,
9 wnyniwy, 88 wunwu gpwlwunipjwu gwuy:

uchiusuuLr <uvunns ANYULAULUNRE3NRLE

Wnwoht ginifumd ubplwjugdws £ wywwndwlwu wluwply uhybhpwgdwu
wwppbp Bnwuwlubpny Ywnnygubph ninnwéhg  dLwfuwfunnuiubph  npnadwu
dbpnnutph U npwtg  wnwudtwhwwnynigniutbph dwupt:  Lwuh  np
wwnbtwfunuwlwt  wofuwwnwuph phdwu Ybpwpbpn £ hhnpnuhybihpwugdw
Gnwuwyny Ywnnygubph hhdpbph U npwug wnwudhu  Ynuuwnpniyghwubph
Guwfuwfunnwiubph  npnpdwup, npw  hwdwp  hhduwywund  dwupwdwuu
ubpyuywgyl) £ Ywnnigudpubpht, wsfuwwmwuph ulygpniupubipht, swihdwu
dbpnnutipht U doninipjut wunhtwuh quwhwndwup:

<hnpnuhytihpwgdwu pninp dbpnnubphg wdttwwwpwdjwdp hwunhuwunwd
£ hhnpnunwwhy  upybihpwgnup, npu oguwgnpdynd £ gbinnbighwlwu
swithwgpiwl woluwwnmwupubipnid:

Lhnpnuinwwnhly uhybihpwgdwu ufubdwnhly wbupp ptpdws £ uy. 1-nuw:

1

3

&
dy

S Yy v
. L / FIITITATZIZZAT 2
A B

[ :
UY.1. <pnpnuipuiphly thybihpuwgdwi hwdwlwpgh ufubdwl

Y
A 4 4 .

Zhnpnunwwnhlywu nwnwtwuppnd £ htinnihh hwjwuwpwlyonnipjwu opkiupp,
npntin hwdwubn htnniyh nbwpnwd  hwnnpnwyhg wunpubipnwd  hnphgnuutipp
wbwp b hubtu hwjwuwn, wjuhupu htnniyh jnipupwugnip Ywnnwd ugnwdp pninp
ninnniniuttipny  hwjwuwp £ <bnniyh nplut Yhwnnwd 6updwu  dtdnipyniup
wwpdwuwynpywd £ wpunwpht dugnwing b hbnniyh - wquun  dwlybplinyeh
pwnapniejwlp:

<pnpndfungujhi uhytiihpwgnudp  hpduwd £ wj uyqpniuph Ypw, nph
nbwpnwd htinniyh gwnpdnudp hwnnpnwyhg wunputipnid wwwhnynuw £ dfungh
dhongny:  Ufungh nbiwh ubppl hwjwuwpwswih  nbnwowpddwu  dwdwuwy
dtungh hwjwuwpwswih inbnwithnfunieniut hpwlwuwgynd £ PA-09 nubnuhy
2undhgh oqunipjwdp (uy. 2):

<pnprnhuwdhywlywt  uhybhpwgdwt qunwthwph ulgpniupwh
wwppbipnigyniup  hhnpnuwnwwnhy — uhybihpwgnwihg wju £, np hGnwgnuynn
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huyhs Yawnbph Yypwquugnuwiubiph swihnwdp Yuwwwndnwd £ wunputipnid hbnnyh
dwlywpnwyh pun dwdwuwyh wupunhwwn thnihnfunigjwt dhongny:

2n

11
| ||||,| 3

| Ho

UYy. 2. <pnpndpunguyhti upybiphpwgdwt hwdwluwpgh upubidwb

Gpypnpn  gynijup  udphpdwd £ hhnpnnhuwdhyuywu uhybihpwgdwu
hwdwlywpgh (€HUK)  woluwwnwuph  uygpniupht, swihdwu  wbunygjuup L
utuwiubipht: Lwuh np unnigynn hulyhs Yainbph Yybpwquugnuubph swithnwiubpu
wug GU YJugynws hhnpnnhuwdhywywu uhybihpugdwt hwdwlwpgnd  hennyh
dwlywpnwyh wupunhwwn hinthnfunpjw wwydwuubpnid:

Uhybihpwgynn hulyhs Yewmbpnd wnbnunpynd Bu dhwiudwu  hwnnpnuyphg' 1,
i,n wunpubn, npnup dhwgywd Gu (u) hwjwuwpwypdwu pwphu (Uy. 3):

Ho

UYy. 3. <pnpnnptwdpywlwy uhybihpwgdwi hwdwlwnpgh upubdw

Pninp  wunpubpnd nbnunpwsd t quuwdénnh  wgnwowuhs' EEyupnn-
wubin: <wjwuwpwlyondwu pwph D wpwdwghép UL F Yupwdph dwybpbup
owwn  wuqwd dké bu wdhsubph  (Dr) wmpwdwgdtphg L (F) Yunpdwdpubiph
dwytiptiuutiphg: <TLL-nd Ynunwlwwiht dnnbipp Ywd  EGYunpnn-wubinubipu
wuownd Gu b swihnwiubpp Yuwwwpynd GU hwnnpnwyhg pninp - wunpubipnid
htnniyh dwybpunyeh hwdwswih pupdpwgdwdp:

Cwywuwpwlondwt pwph  dby  quuynn  woluwwnwupwihu  hbnnyh
dwytpunypep uljuwd ti= 0 wwhhg, wupundty hwjwuwpwswih pwpépwuntd
Eu htnnyp uluynud £ hwnnpnwyhg wunputpny qwndyt; Udtu Jdh hwwndwsh
hwdwp wnwudht  Ywpbih £ gpbp Ywehpwhtu  hbnniyh ng  unnwghnuwn
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owpddwu  hwjwuwpnwiubpt, wuwbubiny  wunpnud  guudnn  hbnniyh
hubpghwu, bt funnnyuwywowpu  nwh duwwbu  unyuy  wpwdwghdp b
dpuninpuiwihtu &ugndu wunph Yypw unyuu k:

Ny unwghnuwp owpddwt hwjwuwpniubpu niubu hbnlyw) nbupp'

_ _aw? <V—V1>2 V2 +ldv+zh,_
17 29 Fy F2| " gdt ’

€y

dV
Zn—l_Zn nl L Zhnl

Udtu  Jdh  wunph hwdwp htnnyh hnuwuph 2wpddwt  wufugbihnigjwu
hwjwuwpnudubpu niubu henbyw; wnbupp'

dZ_U w v le_(V V)w_
dt F ' dt YR’
........................ (2)
dz. dz w
dnt L= (Vn 2~ n—1); d_tn = F_l Vi1

Quithdwu uqunui wunpubph dbe quwuynn hbnnyh dwlwpnwyu np
nwwnwunnwywu punyp, pwyg npnawlh dwdwuwlhg hbwn, ¢ (¢ - t = 15°-20%)
gnpdnnnigyntup - nwnunw £ Jumiu b wunpubph  dholt  Gnwé  hbtnnwyubiph
dwywpnwyutiph dholt  unbindynid £ pwpdpnieyniubiph twppbipnygniu Ahy,
Ahy, ..., Ahy: <bnniyh owpddwu pwuwdll punniund £ henlyw) wnbupp'

aw? [V —V\? V2] ldv ,

Z‘Zo-z[( F ) - +§E+Zh'

Bi=Zy= ) b

........................ 3)

Zp1—Zn=Yhn';
huy  dwlwpnwywihu wufugbithnigyntup dunwd E wuthnihnfu:
Cwywuwpnuwiubphg  bGpund ' np hwplwu  wunpubph  dbe  guuynn
htinnwyubiph wwppbpnieniup hwjwuwp t Eubipghwh Ynpuinhu

Z— 1, = const; Z, — 7, = const; Z, — Z,,_, = const;

dz dZ7, _ o dz, dZz, _o .
dt dt Toodt dt )



dz, dz dz
dz.  =%AH _2% _ _ 4%,
n-17 g dt dt

Ujuhupt' wunph dbe  quugnn  hbnniyubpp dwlwpnwyubpp
wpwgntniuttpp  hwjwuwp  Bu: <bnnyh dwwpnwyh nhppp swihynud Ep to -
hg dhusk ti  wwhp, Gpp npuk i-pn wunpnd hbnnyh dwytipunyep hwyynw
biEyunpnn-wubinh  dwypht:  Qwihdwu  wpryniupubipp  (pwgnighs  dowlyyt) Gu
hwplwu wnyghsubiph htnniyh hnphgnuubiph twppbpnipniup unwuwnt hwdwp (Z
- Z1, Z1 - 72, Zn - Zn + 1): UnwohU swihdwu ghynd thnpduwlwunpbu
unwgywd wju wnpdtiputipp hhdp Gu hwunhuwgb) jnipwpwuginip hwenpn swithdwu
hwibdwwnigywu  hwdwp:  Pnpnp wqnuwuowuubiphg nbntYwwnyniyentu
unwuwing hbwnn  swihdwu  gnpdpupwgp  Ybpowunwd £ U hwdwywpgp
pbpynd | uygpuwlwu  gpbwyh: LY. 3-hg Gpund E, np* hi = Ho - (Hi - Ahi):
Jdbpwquwugnwiubph  npnadwtu Goungywt pwpdpwgdwt Uwwnwyndy,
swihnwubpu - wuhpwdbton £ ppwlwuwgut), Gpp swpddwu wpwgnyeniup
nwnunw £ unwghnuwp U pw nt hwunwnnit wpdtiputiph  wwppbipnyeniup
thnpp £ wwhwugynn Gownniegyniupg:

Gppnpn  qifup  udhpywd £ hhnpnnhuwdhwlwu  uhybhpwgdwu
hwdwywpgh  Jbpwlwnnigwup,  swihdwtu  Gownpjwu pwpdpwgdwup,
gnpdpupwgh  wywnndwwnwgdwup U npw  jwpnpwwnnp  hnpdwpynwiubpht:
Qbtnnbghwlwu swihnwiubiph dwywubpu purywjubiny, huswbu twl swhdwu
qnpdpupwgp - wuwnpqbgubiine Uwwwwyny  fuunhp £ onpdtp hpwlwtwgub
wouwwnwupubn® swihnuiubph wundwunwgdwu nuipnnejwdp: Wu nbuwlbnhg
wuhpwdtion £ Ugk) twju Gplwuh ynihnbuupywlwu huunpunnunnd unbindywd
hhnpnnhuwdhywywu uhybhpwgdwtu Gnwuwlyp, npp htwpwynpnieyntt £ nwihu
wpwguwgub], wwpgbgub U hnwwih nwpdub) nwunwuwuhpynn dh pwpp hubhs
Ytwbph ninnwdahg wbinwownpdtph npnodwu gnpdpupwgp:

ElGyunpnuwht unp wwppbph pwquih  Jpw  Jepwywugqudty £ <YL<Lh
wluwwnwupp: Ywwnwpbiugnpdyt b hhnpnnhtwdhywywu uhybihpwgdwt Ywnw-
Jwpdwu U gpwugdwu pnyh  Eblwopnuwhtu  upubdwu, npnd hwennybg
dbppwquunytip wdku dh hwodhsh hwdwp wuhwwnwlwu wyjwwwubph,  hwdw-
Wwwnwufuwuwpwn npwug dnunwdnuwhg b Yupguwynpnuihg:

Cwldwlwpgnuw  dafuwuplwywu  hwoyhsubpp  thnfjuwphudbg  EiGYunpnuwihu
hwouhsubpnd (UGY pYwiht Jwhwuwyny): Lwjuyhunw EGEYnpwdbluwuhywywu
pninp  hwoyhsubpp &bnpny  pbpynd Ep O-wwu  Jhtwyh: Spwughuwnpwhu
hwpqwpldwtu — pinlubpp jnipwpwuginip hwpdhsh hwdwp thnfuwphtytg
dhypnufubdwubipny vunigdwu dbYy punhwunip pnyny, nph dhongny hwoywnlyp
ujuynud £ O-wywu wdhshg L swihynn wydhsubph wnduiubpp gpwugynd Gu
hhonnnipjwtu uwppnud: Uowldws <VYu<-h Eyunpwlwu ufubdwu thntudby k
wjuwbu, np hwaytignygh hwaywplyp uyunid £ ng pb npnawlh 0 dwlwpnwyhg, wy
woluwwnwupwihu  hbnniyu  EiGYnpnn-wubinh  hbwn hydwu  wnweht  wwhhg,
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wyuwbu - Yngywsd  hhduwght - whshg  dhugh  dtipght - indhsht hwybn,
hwjwuwpwYondwu pwpp Ybpwnwnuwny Gdwu nhpp, dhusl hwenpn swithnidp:
Ywwwpbwgnpdyty £ hhnpnnhtwdhulwu  uhybihpwgdwt  wynndwn

Ywnwldwpdwu U gpwugdwt pinyp  (unp wmbuwyh gnighsubin, dhypnufubdwutnp L
wyiu), npwuny thnppwgyt £ pinyh swthbipp bW pwp (phplwgubing wytih pwt dh
pwuh wuquwd): ULY.4-nd ubpluugywsés £ Yuwuwwpbugnpdws <VYul-h
thnpdwudnph punhwunip wnbupp :

<Mu&ny  Ybpwquugnuiubph  npnpdwtu hdwnyuubipp duwdnpdt) G
$nuinnhnn-jwdy gnygh oqunipjwdp hp wnwgph 2ningp wunnynn uljwwnwiyh
htitn hwdwwnbin, nph wwpwagdh Ggpwasdh Gplwjupny wpwsd 50 pwdwuwpwn
dtinpJwépubipp duwynptp Gu 50 hdwnyuubp b hwdwwwwnwufuwunn gdwjhu
dhwynpp Ywaqubp £ 0,05 duf “Ywwwpybp £ Spwgpwihu  thnthntunigyniu, nph
wpryntupnwd hdwnruubipp udwu hwodwnyp thnfuwphuyb N
dwdwuwlwhwodwnyny (EEYwnpnuwihtu dwdwgnygny), npwuny huy pwpdpwgyb)
E swihdwt Gonnpiut wunhbwut' pwdwudniuph  wpdbpt, wpunwhwundwd
gdwjhtu dhwynpny, Yuquyykiny 0,000072 Jdf: dwdwuwlwhwoywnpyp hwugbgpt
E ninnwahg nt$npdwghwih swihdwu 105 Gannipywt pwpdpwgdwu, h hwohy wju
pwuh np swihdubiph Yuwwwpdwt wunnngjwu gnidnn Gnuuwlubph tuundwdp
Yntwwndby £ Bpynt upgny:

UYy. 4 <pnpnnptwdplulwt uhypiphpwgdwt hwdwluwpgh punhwbnip pbupp

I-<pnponpdwiohwlwl  bhypippuwgdwts  hwdwluwpgh — wppuwgpwbpughle  htinniyh
hwiwuwpwlpndwt pwp, 2-hhnnppdwahyuwlwt uhypihpwgdwt hwdwlwpgh wypndwip
Yuwnwiwndwt b gpwbgdwl uwpp, 3-hhnpnnpdwihwlwtl thpippwgdwt hwdwlwnpgh
pyps,  4-wpfuwipwitipught - hinnihh - ubinigdwti - funnndwly,  5-Ejipppwutiniggdwtn  qwip,
6-hwdwgubghti dhwbwni nwnhndnnbd, 7-Liblppnn wubin:

Unp Yuwwpbjugnpdwd pinyh wpwwpht wnbupp ubpyujwgyws k uly. 5-nuw:
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Pinyu  wotuwwnd £ thnthnfuwywu  hnuwuph  utnigdwt  gwughg, 2204
jwndwdp U 50/60 <g hwéwfunigjudp: Opp dbly wuqwd, twfuwwnbujwd dwdhu
wyunndwwn Yepynd woluwwnd k£ «ulpgpr hpwdwup b Yunwpdnd £ swinud:
Quithnuiu hpwywuwgynw b wouwwnmwupwihtu hnnyny |hpp hwjwuwpwlyandwu
2undhsh oqunipjudp:

pwph hwjwuwpwswih pwpdpwgdwdp bEYunpwywu

» . -

g zne

Uly. 5 <VU<-h ilalpppntiught pinlip inbupp
Syhsubpp  dhwgywd Gu  wpluwwmwupwihu  hGnniyh  pwphtu  hwnnpnuwyhg
wunpubiph dhongny: <bnniyh dwlwpnwyp ndhsubpnd hwyybing - EGywpnn-
wubinht gqpwugynud £ hwoybignyg, L swihqwd wndjwiubpp thnfuwugynud Gu
Yuwnwywpdwtu b gpwugdwt pinyh hhonnnigywu dbe: Pninp dhwgywd wnyhsubiph

wnjjuijubpp  gpwugbing  hbwn,  gnpdwplynd £ «fuwug»  hpwdwup, L
hwjwuwpwyondwu pwpp Ybpwnwnund £ pp uygpuwlwu nhppht: Uswlyywsd
wignphedh dhongny hhonnnipjwu uwppnid gpwugywd nyjwiubpp dnwnpwgnyntd
Gu hwdwwnghs U Eypwuptu wpnwhwjngnd pquiht b gpwbhyulywu inbupny
(uy.7, uy. 8,):

27.11.19 Firmware Version V2.2

£ Hydro Leveling Systern WV 2.02

sof s1{ sz2d 53

sS4 S5 55 (v 57 (% 53

Connection
’7 Connected to COM 17 ‘
- Date Time

Device Date : 27.11.2019 Device Time : 12:13:33 Corrector |
—Contral
StartTme [12 h [00 min  Duration [ 20 min Set Manual Startl Stop |
—Status
up [
Temperature | 21.4  °C counter [ 26473
Down [l

59 * 510 %

Alarm [N

DownlLoad I

|

Save xs I

Exit

LY. 7. <wdyupqswipt épwgph ipbupp Eypwiht
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ct
600000
500000
400000
300000
200000
100000

i

o 1 2 3 4 5
Sensor 1

Sensor 1 Sensor 1

UYy.8. <wdwlyupgsh Fypwuht wuplbpdwé gpuphlwlwt pdjugbiph pbupp

Lwpnpwuwnnp thnpdwpynwiubipp Yuwwnwnyb) Gu pun unnpl pipdwé ufutidwih
(uy.10):  Npwbu swihdwu Jdphwynp puwpdlp £ pdynyuubph  pwuwyp,
oguwgnpdtiiny  blnwinuwht - wwwyt udny (h=10,06 Jd L h=25,65 du):
Lhwnwgnungdnn  hulyhs  Yawnbph  hwdwp  Yuwwpdb, Bu o swihnudubp wnwug
Eunwinuwiht wwwlyb tdnigh b blnwinuwiht wwywyt udngny:

l 7.55 4 Jl 0.05u ‘é)
a 3
_D_ 4854
!

o

9.84 J 5384
2 1

LY. 10. <wdwuwpwlpndwl pwphg unnnwllipny dhwgyws pyhsulinh dhol
tnwé htnwynpniynibilubiph upubidwt
Lwpnpwuwnnp thnpdwpynwiubpp uwwpyt) Gu 2 ghyny (wn. 1):
Unynwuwly 1
hduynyutibiph ghlyip yjjutibipti puyr nhyrwplydwt opbiph

Suh | hdwnyuubiph phyu puwnn optinh, 1-htu ghy| (wnwug Enwnuwhu
s udnioh), Ny Uhght

hh | 010519 | 020519 | 030519 | 040519 | 05.0519 | 4P
259507 | 260660 | 261532 | 261453 [ 260789  |[ILLM)
| 230100 [ 230739 | 231214 231876 230322 230850,2

hdwnuuutiph phyu puwn optiph, 2-pn ghyy (Enwinuwihu udnipny), N2
07.05.19 08.05.19 09.05.19 10.05.19

399758,8
586709 | 585514 587840 |[EYLYE
1-hu U 2-pn. ghlyph wwppbipniggniup, Na - Ny
! 1389706
2 353638000 1357518000 k1)
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Unweohtu U btpYypnpn ghyliph  wwppbipnigniup  hwdwwwwwufuwund  k
Ewnwnuwihtu udniph hwuwnnygyuup: Uk hdwynyuht hwdwwwunwuluwu gdwiht
dhwynpp  npngtiint hwdwp  Elwinuwiht udnigh  hwunnggjwu - wpdtipp  (h)
pwdwuyt £ 1-hu b 2-pn ghyiph hdwnyuubiph  wwppbipnypjwu (N2 - Ni) dhoht
pYwpwuwlwu wndtiph ypw:

£ 1-htu W 2-pn ghytiph Einwnuwiht udnipht hwdwwwnwutuwunn dby hdwniuh
wpdbpp’

kg 10,06/
" N,—N;  138970,6

C =0,0000724 1/ )

hy _2565dd_ 0,0000718 u/if
N, —N; 3568372 '

Uhoht pywpwtiwlui ufuwip Yywadh'

C= 0,0000724 + 0.0000718

Cl =

= 0,000072 Ju/:

2
Unwoht U tpypnpn binwinuwhu udnpubiph Ar-h W h>h swihywd wpdbpubipp’
hy = (N,- N;)C = 138970,6 - 0,000072 = 10,006 i
h, = (N, - N,)C = 356837,2 - 0,000072 = 25,692 (6)
Qwihdwt ufuwp Yuqdb £
e wnwohl bnwnuwhu udnh hwdwp'  f = 10,06 — 10,006 = 0,054 44/,
e bpypnpn brwnuwiht bdnph hwdwp' £ = 25,692 — 25,65 = 0,042 uf:
Wuwhuny jwpnpwunnp thnpdbph wpryniupnd b hwohy wju pwup np swihdwt
dhwynph wpdtipp thnppwgytip £ dnwn 1000 wugqwd, unwgytig np dbl  hdwnyuu
wpunwhwjndws géwihu dhwynpny, hwdwwwwwufuwund £ 0,000072 dd, huy
dhoht  pwnwynwwipt  ufjuwp Yugdnd £ m 0,050t <YU<h  hwonpn
(wpnpwwinp - thnpdwpydwu  dwdwuwy ninhn b hwlwnhp  ninnnipjwdp
swihnwdubiph dhongny  nwddtp £ <VYu<-h  huptwwunbunwynpdwt  fuunhpp:
$npsbiph wprynwupubipp gnyg wnygbtight, np hwlwnhp ninnnigjudp switnwiubph
wpryniupubiph pwgwpdwl  wpdbputipp  wwppbpdnd Gu  ninhn  ninnnipjwdp
Yuwuwwpyws swihnwiubphg: “w pwgwwpdnd b upwuny, np wutinhg Ywehth
wnyybnt ywhp wbnh £ niubund npn2 hwwwnnwing, uwlwju ybpwquugniubph
hwibdwwwlywu  wpdbpubpp wwhwwuynw Gu: Uswlydtp b ubpluywgdt) b
Microsoft Excel dpwgpny, npwnbin ubipyuwjwgywsd tu  hdwnyuubpp pywjht wbkupny
puwn opbiph, dwdbiph L gipdwuwnhtwuh (wnniwy.2):
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Urynwuwly 2
<hnpnnhuwdhywywu uhybhpwgdwu hwdwlwpgh snpuopjw jwipnpwiwnnp
thnpdtiph wyjwiutiph wpnyniuputipp

Sip| Pufynyubbph pubwhb pun opkph, S Shlysnh hdwynyultph sy | Shlsnh huynyubtph nwnppBpnuzgncilitph TP
3 dunlkph hy| wnwppby UG hwuwpl | by pwnwlnwhlbph hwpdwply
Uhghtt
0 21 2 19 P]H_ n| an| » 19 2 n 0 19 | Mwnyubnh gbwjhl UhwynpliGnh
Whi06.12.19]05.12.19| 041219 | 03.12.19 1/|06.121905.12.19( 04.1219 | 03.12.19 | b/ | 061219 | 051219 | 041219 | 031219 Uhghls puunwlnwuwhl
1202:20 | 12:02:19 | 120219 | 12:02:18 h [12:02:20| 12:02:19( 12:0219 | 1202:18 | b | 12:0220 | 12:02:19 12:0219 | 12:02:18 wwppbpauniiiGph
Shlh [
Punybbp | Snpepuign| SIER g
Shlyph b Uty iy
nh Pl L gy piynuisboh munpsmondiepn | p | e | b
nwppbpnuRntLUERL hpblg Uhehl Upghts | pumwlm | wpen
Puynyubibpp puwn gbpuwunhgulh pYwpwlwlwl wpdtehg punulynuhbEng punuiiith punwlnwuy | bl ( whay
umyuukpp pun gt U | Pt | g [0
quulupp auih
74°C| 75°C wc‘ 77°C Ununp -1-pb ghlyy Ununp -1-pb ghly Unuap -1-pb ghly
LAL+. A6
Unuup -1-pb ghly I Al+..4A6) =
Al | M Alpwn, | A2oun | A3pwn. | Mdown, =4 6 ma | W
1 101905.00| 1| -6.00 | 78.00 | -133.00] 61.00 | || 36.00 | 6084.00 | 17689.00 | 3721.00 | 27530.00 | 4588.33 | 165.92 |0.01
2 98530.50 | 2 | 194.50 | 115.50 | -75.50 | -234.50 | 2 | 37830.25 | 13340.25 | 5700.25 | 54990.25 | 111861.00 | 18643.50 | 334.46 |0.02
3 11121025| 3 | -147.75] 24.25 | 32.25 | 91.25 | 3| 21830.06| 588.06 1040.06 | 8326.56 | 31784.75 | 5297.46 | 178.28 |0.01
4 81186.00 | 4 | 117.00 | 189.00 | -211.00 | -95.00 | 4 | 13689.00| 3572100 | 44521.00 | 9025.00 | 102956.00 | 17159.33 | 320.87 |0.02
Gip -2 ghlL bip -2-pn ghljy Gip -2 ghl bip -2 ghigy
1 7797125 | 1] -1.75 | 216.25 | -189.75| -18.75 | 1| 60.06 | 46764.06 | 36005.06 | 351.56 | 83180.75 | 13863.46 | 288.410.02
2 57532.25 | 2 | 215.25 | 275.25 | -277.75 | -212.75 | 2 | 46332.56 | 75762.56 | 77145.06 | 45262.56 | 244502.75 | 40750.46 | 494.47 |0.04
3 44528.00 | 3 | 266.00 | 338.00 | -470.00 | -134.00 | 3 | 70756.00 | 114244.00 | 220900.00 | 17956.00 | 423856.00 | 70642.67 | 651.04 [0.05
4 51745.75 | 4 | 2175 | 227.75| -190.25| -59.25 | 4| 473.06 | 51870.06 | 36195.06 | 351056 | 9204875 | 15341.46 | 303.40 |0.02

Ujuinbinhg 1 pufwynujup wpwnwhupajud gowhl Chanapny Guqinad £ 0,0007200, Tid-p hwdwuwnwopuobnud £ 13889 piwm uh:

Uhoht pwnwinwuwihtu ufuwh wpdbpubipp pwqiwwwunyting dbYy hdwnyup
géwjhu wpdbipny, wpryniupnud unwgytip £ hdwnyuubp wpnwhwjnjwsd gdwjhu

dphwynpny (dd):

L=U+L+L+ . .+L)/n=[L]/n (7)
Quihdwu L, Iy, ..., Iy wpryniuptbph wwunwhwwu ufuwubpp Yphuby'
A/n =21, /n-X, [A]/n=L-X (8)

8hyph dhoht pwnwyniuwjht ufuwip npnaytip Gu m = \@ pwuwdlny:
dbpwquwugnwiubpp  géwdbinpny  unwtwint hwdwp  wubhpwdbtionn Lk
jnipupwugnip  ghlyth  hwdwp  pdwnyuubpnd  wpunwhwyndwsd — dhoht
pwnwynwwhu ufuwp' m-p pwgdwwwwnlt) J&Y hdwnyup gdwihu wpdbpny, npp
hwjywuwp £ 0,000072dd: Nphg htivnn hwdbdwwynd Gu ninhn b hwlwnhp
swihnwiubiph nyjwiutipp b npnynwd £ uwhdwuwihtu pnyjwunntih ufuwp:

Lnidytp £ uwlb  hpnpnnhtwdhyuywu  upybhpwgdwt  hwdwlwpgh  Yuwp
hwdwguwugh htitn hwdwwwwwufuwt  hunbipdbund, npp huwpwynpniginiu £
gl npuwpldwd  ngubpp - ginpwy hwdwgwugh  dhongny - hpwlw
dwdwuwyh ntdhdny wbnwipntub by punhwunip YEunpnu, npwug dowydwu
ybpndwywu - wofuwwnwupubpp Jwuwwpbint  hwdwp,  donwnhunwpynud
Ywqdwybtipwt) GSM hwdwgwugny: Snipwpwugnip <Tu<-h Ywnwywpdwu b
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gpwugdwu pnynud hunbipdbjuh b wnyw Gph-wnpnh dhongny wwwhnyb) Yuw
wudtwywu hwdwywnpgsh htiwn, nph dhongny b hpwywuwgynw £ Gip nbwh
hwdwgwug: Twuny htwpwynpnipniu £ unbndyb) dby punhwunip Yuwmpnuhg
Ywnwywpb) wwppbp htnwdnpnigjwt Jpw  qunugnn dh funwdp <YL<-ubiph
wofuwwnwupwihtu gnpdpupwgn (uy. 9):

™

P ‘ﬂ P ” ] Ubtthwljwb ukljuinp

‘."

&=

Fuqumrbwlmput

okuplp GSM Guruy Suunbtph hupguwiyhunfupugpist Enpnt

UYy. 9. Upynunphypwpldwt Yuqdwlybpuynidp GSM guitigh dhongny

Nwnwuwuppdt £ uwb  hhnpanhuwdhywywu  upybihpwgdwt  hwdwlwpgh
swihwgpdwu  ufubdwubph  wbuwlubpp' Ywiudws  opjbywnp hwwnwlwqgdh
Gnypwswihwlwu wwpwdbnptbiphg:

<hULUUUL GRrUYUSNRGE3NRLLEN

1. NMunwWuwuphpdty £ gnpénn  hhnpnunwwnhy,  hhnpnnhuwdhlywyw,
hhnpndfungwiht - upybijhpwgdwu  hwdwlwpgbph  woluwwnwuph  wbuwlwu W
gnpduwlwu ulygpniupubiph, npwug swihdwu  Gounnyeyniuubiph  Ytipwpbinjuyg
wbntYnipjniuubp: Yphpwndwu wpryniiwybnngejwu b tywnwywhwpdwpniejwu
hwdbdwwwywuubp  Eu wpdbp  hphnpnnptwdplulywu b hhnpnunwnhy
uhytijhpwgdwt  hwdwywpgbph dwuht, wpdbp G wn hwdwlwpgbiph oguw-
gnpddwu  phpniegnutbipt, npnup sk hwdwwwwnwuluwund  dwdwuwlwlhg
wbfuuninghwubiph Yppwndwu ywhwugubphu:

2. Nwnuuwuppdt) £ hphnppnnhtwdhyulwu  uhdbihpwgdwtu  hwdwlwngh
woluwwnwuph ulgpniupp, swithdwt dbennhlwt, swhdwu donnipjwt wunhbwuh
quwhwuwnwip L hbnnyp gwpddwu nbdhdp, wpydbp Gu gnpdnn hwdwlwpgh
ptpnugyniutbpp . L npwug Ybpwlwnnigdwu nt wywnndwwnwgdwu
wuhpwdtipnnieniup: <wdwlwpgh wynndwwnwgdwu  ubpnpnudp pny| b twhu
pwnpdpwgub] swihdwu  dGonnieniup,  wpuwnpnnulwungegniup,  swtnwiubpp
Ywuwwnbp hbnwwnwjwpdwdp, ujwgbigut) swihwapwd ndjwiubph dowldwu
woluwwnwdwdwuwyp b wyu:

3. <TL< Yunnigwdpnid wnyw Bpynt hwywuubpp  thnfuwpphuybing deyny,
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huwpwynpnipintu £ unbindyl]  Ywwwnbp  swihnwiubph - wdunndwunwgnd b
htnwlywnwywpnd, nph hwdwp dnnwdnpuwbiu snpu wuqud Ypdwnb Gu
nhunwpydwu munnnipjniup:

4. Ywnwjwpdwu U gpwugdwt pinyh dowyywsd EEYunpnuwhu ufubdwng
huwpwynpnipjntu uwnbindytig dbppwquunybt] wdbu dh hwodhsh hwdwp
wuhwwnwlwu wwwwutiphg, hwdwwwwnwufuwtwpwp npuug dnunwdnuwhg b
Ywpqwynpnuihg

5. <YU&h unp dwyJws  bEyunpwywu  upbdwind nhnwpyyws
hwaytignygutiph hwpqupyp ufudnud £ ng b npnawlh wpdws 0 dwhwpnwyhg,
w)| wotuwwnwupwihtu htnniy dwytipnyep biEYunpnn-wutinh hbwn hwydwu wnwehu
wwhhg, wuwbu Yngwd Gught ndhshg dhugl Ytipght widhsh biywpnn-wubinh
htn  hwybp: Ywwwpdtp b Jwnwjwpdwu b gpwugdwt  pinyph  hwayhsh
gpwugdwt uwppnid thnthnfunie)niu, nph wpryniupnud wwpgbigytip £ hwdwwnpgh
Ywnnigwdpp, thnppwgyl] Ywnwlwpdwu b gpwugdwu pnyh swthbpu ne pwsp,
pwnapwgyb] nyjwubiph dnunpwgpdwt qqujniunipyniup:

6. hdwniyuubp  &duwdnpnn  hwugnyg  dnuinnpnn-wdwyp b wwwnynn
uwywnwyp  hnfuwpphudtp £ dwdwuwlwhwoywpynd  (EEYwpnuwht
dwdwgnygny, nph Gannpjwu wunhbwup Jugdnw £ 105 4pl.), npwuny huy
pwpdpwgyb] b swihdwt Gonnuejut wunhbwu, wjuphupt' huwpwynpnuygnia
untindytii pwpdp Gounneywdp phlubip wndhsubipnd  woluwwnwupwiht  htnnyh
pwpdpwgnn dwybplunyph hwdwu wwhu EGYupnn wubinht: Wu  nbwpnid
swihdwl pwdwudniuph wpdbipt, wpnmwhwjndws qdwihu dhwynpny, twiuhunwd
unwgywsd 0.048 Juf hnfuwpbl’ Ywadb £ 0,000072 Jif:

7. Lwpnpwwinp thnpdbiph wpryniupubipp gnyg GU wwihu, np unwgywsd
ybpwquugnudubph wpdbtpubipp qunuynud Gu hwdwlwpgh swihdwu Gonnyejwu
pnywwnntith ufuwjiubph npnadwt whpnyenw: tw tpwuwynd E, np Ypluwyh
swihdwu dhongny wwwhnynid bup Ybpwquugnuiubph npnpdwt donniejut
pwnpdpwgnuip, husp htwpwynpnipjut £ unbndnd ndl] twl hwdwYwnpgh
huptwwwnbunmwynpdwt fuunhpp:

8. <NVUL&-h Ywuwwnbijwgnpddwu wpryniupubipp huwpwynpnyeiniu £ wwihu
dbaYy punwunip YGunpnuhg wn gwug Ywnwdwpb] wwppbp  unnygubpnid
wnbnwnpjwd uwppbiph woluwwnwupubpp, dbYy Yeunpnunwd dowlybp b gbpindt
swihdwtu  wyjwijubph  wprynpubipp,  wwp  Ggpwlwgniegniu - Ywnnygubiph
Ynuuwnpniyghwubiph ninnwéhg duwfuwiunndubph Yyepwpbpjw:

9. <wpyh wnubny unp unebph Yhpwndwu, huswbu twl dwdwuwywyhg
wbluuninghwubiph qupgqugdwu huwpwynpnieiniuutipp, nmwnpynn twiuwgdwihu
woluwwnwupht gnigpupwyg, dowlb] wl uwppbph dLwunbnddwlu hupuwwnhuyy'
htitnwagw ubiphwlwu wpunwnpniewu hwdwn:
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unuurunkrE3NkuLer

1. <M< wywunwlwhwpdwp o Yhpwnbp  wiy wpluwwnwupwihu
wnwpwdpubipnud, npuntin swthwgnpynn Yainbphtu hwuwubihnygyniup nddwp t, huy
npn2 ntwpbpnud dhowdwpp Juwuwlwp £ (pwpép stipdwunptwu, nwnhwghw,
dhppwghw U wju) dwutwgbnh wnnnonyjwt  hwdwp: Pwgh npwuhg hp
hupuwndtipny wdbkuwktdwuu k:

2. <wyyh wnubny, np £ nmwpwdpp hwdwpynwd £ wywhy ubjudngnunp,
npw hwdwp wynndwinwgywd <Tu< Yupbih £ Yhpwnb) gbinnbghwywu W
ubjudninghwlwtu  gbinnpuwdhlwlwu  wnjhgnuubph  wwpwdwpowuubiph
Gnypwybinh ninnwaéhg wnbnwownpdtip npnokint gnpdpupwgnL:

3. Pwpdpwhwply Yuwnnygubph hhdptph  hpduwwnwytph  uundwdpubiph
Gpywpwdwdytinn huynnnipjut hwdwp  wnwownpyynud £ npwug 2whwgnpddwu
wwhhg uyninuihu hwpybpnud wbnunptp - wwnndwwnwgyws <UL Snpdnn
unpdwubpny Uwfuwwnbujwsd suwluwfunmnuWubph nbwpnud  huwpwynp  Yhup
townb| wwwdwnubpp b dwdwuwyhu wbluuthywlwu dhongunnuiubip Yhpwnd)
npwug Yybpwgdwu hwdwp:

4. <Y< uwjunpn wwppbpwlubpnd wpfuwwnwupwihu hbnniyh
hwjwuwpwyondwu pwph pwpépwgdwt b hobgdwu  dGluwuhqdu  nwbp
ntinniywnpny  (wpwgnieyjwu winth)  dhypnawpdhsh b dbfuwuhywywtu dnntiph
wwpnipwlubph  dhongny  Ywnnigyws  pwpn  Yhubdwwhly  upubdw, nph
owhwgnpdnup  dwdwuwlh dby  pbpnd  Ep npnpwyh  funspunnunubpp’
puwhtinnijubiph snpwgnud, 2thynn dwubiph dwoqwdnigyniu b wyju, hwugbkigutiiny
hwdwywpgh ns nhpdhy woluwwmwuphu, husu hp hbpehu pbpnd Ep wdhsupnid
gpwugynn gnigdntupubiph thnthntunigyw, wanbiny swihnwiubiph daninyejut Ypw:
Unwowpydnwd £ pwpn Jbpwdpwpd dbluwuhquhg dbppwquwngti, huy npw
thnfuwpbut  oquwgnpdty  woluwwnwupwiht  htnnyph  hupuwhnu  uygpniup’
wwwhnybny wotuwwmwupwihu hbnnyh owpdnuwp hwnnpnwyhg wunputpny, huy
hwonpn swihnwp ufubint hwdwp, nwwwpytp hbnniyp b YyGpwywuqub] npw
ulqpuwlwu dwywpnwyp wotuwnwupwiht htnniyh hwjwuwpwyondwu pwph
(ULLR) dbg wbnunpywd wndwh 2unphhy:Npwhugh wwwhnyyh hwenpn. ghyih
woluwwnwupp, hwdwlwnpgh wnyghsubiph dbe guuynn  wouwwnmwupwiht htnnwyp
wndwh dhongny ybpwnwpdunwd tup ULLP:
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UATYPAH APTEM CEPEMAEBUY
YCOBEPLWUEHCTBOBAHUE CUCTEMbI T’Ma,POOUHAMUYECKOIO
HUBEIMPOBAHWSA U MNOBbILUEHUE CTEMEHU TOYHOCTU M3MEPEHWIA
PE3HOME

OcHoBHO#l 1enpto HUP sBnsercss ycoBepLICHCTBOBAaHHE W MOJCPHHU3AIUS CHCTEMBI
TUIPOAMHAMUYECKOrO HUBEIMPOBAHUS, CO3AaHHOH paHee, B 1975-88 IT., ¢ BO3MOXKHOCTBIO
ABTOMATHU3AIMK IIPOIlecca PErUCTpalMd U 0OpaOOTKU JAaHHBIX HaOIrONeHHUH, oOecrednBas
IPU 3TOM COOTBETCTBYIOIIUM HHTepdeiicoM, MOPTOM, UTO MO3BOJISAET JaHHBIE HAOIIOJEHUIH
B peXMME OHJAWH depe3 IIoOambHBIN VHTEpHeT meperars B OAWH OONIMH LEHTp IS
AQHATTMTUYECKON paboThl. {J1st 3TOro ObUIM BBIIOIHEHBI CASAYIOMHNE pAOOTHI.

1. IlompoGHO W3yYeHHI TEOpPETHYECKHE M MPAKTUUSCKHE MPUHIMIBI paboTHI
THAPOCTaTHYECKUX, THAPOJVHAMHUYECKHX, THAPONOPIIHEBBIX CHCTEM HHBEINPOBAHM,
OLICHEHa TOYHOCTh WX M3MepeHMs. [IpoBelieH CpaBHHUTEIbHBIH aHAIN3 yKa3aHHBIX CHCTEM
JUIsL BBIABICHHS J(P(EKTHBHOCTH M IIENECOOOPAa3HOCTH HX HCIIONBb30BAHUS, a TaKKe
HEJJ0CTAaTKOB HKCILTyaTaI[l1, HE OTBEUAIOMINX TPEOOBAHHMAM COBPEMEHHBIX TEXHOJIOTHIA.

2. V3ydeHsl npUHIMI pabOThl aBTOMAaTU3UPOBAHHON CHCTEMBI I'MJPOIMHAMHYECKOTO
nusenuposanus (ACI'/IH), MeToanka u3MepeHnss B PeKUM JBHKCHUS KHIKOCTH, OLICHEHA
TOYHOCTh W3MEPEHHMs, NMPUBEICHBI HEJOCTATKH CYIIECTBYIOIIEH CHCTEMBI W OOOCHOBaHa
HEOOXOJMMOCTh PEKOHCTPYKIIMM M aBTOMAaTH3aLUM, YTO IO3BOJSICT YBEIWYNTH HE TOJIBKO
TOYHOCTh HM3MEPEHUs, HO W MPOU3BOAUTEIBHOCTh, a TAKKe BBINONHATH H3MEPEHHS
JUCTaHIIMOHHO, COKPATUTH pabodee BpeMst 00pabOTKH N3MEPEHHBIX JaHHBIX H T. 1.

3.1Ba xmanana B koHcTpykumu CI'JIH ObutM 3aMeHEHBI Ha OJAWH, YTO TO3BOJIMIIO
ABTOMATHU3UPOBATh IPOLECC H3MEPEHHs M OOeCNeunTh IMCTAHIMOHHOE YIpaBJeHHE,
COKPAaTHB MPOJIODKUTEIFHOCTD HAOIIOICHUS B UETBIPE pasa.

4. PazpaboraHHas >JIEKTPOHHAs cXeMa OJIOKa KOHTPOJS M PErHCTpalliyd IpUBeNa K
YIPOIIEHUIO KOHCTPYKIUH CHCTEMBI, K YMEHBIICHHIO TabapuT M Macchl OJIOKa KOHTPOJIS U
PETHCTpaIiy, a TaKKe K MOBBIMICHUIO TyBCTBHTEIHHOCTH BBOJAA JAHHBIX. MeXaHHUECKHE
CUCTYHMKH 3aMEHEHBI DJICKTPOHHOI 0JTHOpa3psIHOI MaHeNbIo.

5. brmaromaps aBTOMaTH3alMM TIPOIECCa HM3MEPEHMS OTYeT HAYHMHAECTCS He C
OIIPEJIETICHHOTO 3a/IaHHOr0 YpoBHA 0, a ¢ IEPBOr0 MOMEHTa KacaHUs IOBEPXHOCTU paboueit
KHUAKOCTH C JJIEKTPOJOM-UIIIONH, OT TaK HA3bIBAEMOT0 HMCXOJHOTO JaT4yHMKa JO MOMEHTa
KacaHMs B MTOCIIEAHEM JATIUKE C IEKTPOIOM-HUIIION, TTOCIe Yero OalaHCHPOBOYHEIN 0auoK
paboueil )KUIKOCTH BO3BpAIIASTCS B PEXKHUM MOKOs1. Pa3Huna B Beicote Ahn, 0TYET Kakaoro
JlaT4nKa CPaBHUBAETCS C MCXOIHOI Toukoil. [IpenmymiecTBO MOICpHU3NPOBAHHON CHCTEMBI
B TOM, 4YTO COOTBETCTBYIOIIWEC MATYUKU HE OTPAXarOT BBLICOTY Zn, OTCUUTAHHYIO OT
OIPE/ICNICHHOTO yCIOBHOTO ypoBHs 0-0, a HEMOCPEACTBEHHO AAIOT Pa3HHILI B BhicoTe Ahi,
Ahgz,..Ahn, OTCHET Ka)KIOTO JaTd4MKa CPABHUBACTCS C MCXOTHOM TOUkoi. DT0 obierdaer
00pabOoTKy M aHAJIN3 JaHHBIX H3MEPEHHN.

6. Ummynec oOpa3yrommit y3en ((hoToauoa-1aMna 1 Bpaulaloluics TUCK) ObUT 3aMEHEH
XPOHOMETPOM B BHJIE JJIEKTPOHHBIX YacOB, TOYHOCTH KOTOphIX cocrasiser 10 cek., Tem
caMbIM OBLIA TTOBEIIIEHa TOYHOCTH U3MEPEHHUS, TO €CTh ITOSIBIIIACh BO3MOXHOCTH C BBICOKOM
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TOYHOCTBIO 3a()MKCHPOBAaTh B JAaTUYMKAX MOMEHT KacaHUs IOBEPXHOCTH MOAHUMAEMOMN
pabodeil JKMIKOCTH C WITOH 5JekTpoga. B 3ToM cirygae 3Ha4YeHHE H3MEPHUTEILHOTO
OTJIEJNICHNUS], BEIPA)KEHHOE B JIMHEWHON eqUHUIlE, BMECTO HomydyeHHOro BHadane 0,0480 mm,
coctaBmio 0,000072 mmM:

7. Pe3ynpTaThl 1a0OpaTOPHBIX SKCIIEPUMEHTOB IMOKA3aJH, YTO MOJYYCHHBIC 3HAYCHUS
NPEBBIITHUA HaXOAATCS B AWANa30HE ONPEAENICHHUS JIOMYCTUMBIX IOTPEIIHOCTeH TOYHOCTH
M3MEpeHHi CHCTeMBL. DTO O3HAYaeT, YTO 3a CYET JBOIHOIO M3MEpEeHUs] MBI OOecIeurBaeM
MOBBIIIICHHE TOYHOCTH OIpPEICNCHUS MPEBBIIICHUH, YTO MO3BONAET PEIIUTh TaKKe
poOJIeMy CaMOaTTEeCTAIH CUCTEMEL.

8. B Pesymprare ycoBepIICHCTBOBAHUS THAPOJUHAMHYECKOH HHUBEITHPHON CHCTEMbI
CO371aeTCsl BO3MOKHOCTH M3 OJJHOTO OOINEro EHTpa JIETKO YIPaBISATh PabOTOH yCTPOKHCTB,
YCTaHOBJICHHBIX B Pa3IMYHBIX KOHCTPYKIHAX, 00pabaThIBaTh M aHAJIM3UPOBATh PE3YIIbTATHI
U3MEpEHHH B OJHOM IIEHTpE, MAaBaTh 3aKIIOUCHHE O BEPTHKAIBHBIX IePOpMAIHAX
KOHCTPYKIHH COOPY>KEHHH.

9. C y4eToM BO3MOXKHOCTEH MCIOIB30BaHMS HOBBIX MAaTEPUANIOB, a TAKKE Pa3BHTHUS
COBPEMEHHBIX TEXHOJOTHH Hapsiay C IPOBOANMBIMH KOHCTPYKTOPCKHMH —paboTaMu
pa3pabaThIBAINCh OPUTHHATBHBIC YCTPOUCTBA IS JATbHEHIIIEr0 CEpUIHOTO MTPOU3BOCTBA.

10. Ha ocnoBe noganHoit Hamu 3asBku (N AM 20210067Y ot 01.12.2021) Ympasienue
MHTEIJUIEKTYaIbHOI cOOCTBEHHOCTH MUHHMCTEpCTBAa SKOHOMUKH PA BBIAIO0 KPaTKOCPOUHBII
nateHT N 684 Y Ha n300peTeHne CHCTEeMbI THAPOANHAMUYECKOTO HUBEITUPOBAHUS.

C nomompio 1a00paTOPHBIX UCIIBITAHUN OBIIa OIpe/elieHa TOYHOCTh H3MEPEeHUs BYX
ombITHBEIX 00pa3noB ACI'IH, koropas coctasmia 0,04...0,05 MM, BMecTo mpexHei -0,2 MM.
Pazpaborana crcTemMa aBTOMAaTHYECKOH PETHCTPAIlX OTCYETOB IPH ITOABEME H OITyCKAaHHH
JKHJKOCTH B JIaTYMKE, PACIIOJIOKEHHOM B Ka)KAOH KOHTPOJBHOW TOUKE HAOMIONEHHS, 11O
KOTOPOI BEIYHCIIAIOTCS IOBTOPHBIE IPEBBIIICHUS B JAHHOH KOHTPOJIBHOM TOUKE.

VYcogepuienctBoBannas CI'JIH ¢ pa3paboTaHHBIM aqrOpPUTMOM TMO3BOJICT MOBBICHUTH
TOYHOCTh W TIPOU3BOJUTEIBHOCTh M3MEPEHUH, TaK KaK aBTOMATH3MPOBAaHBI KOHTPOJbHEIC
paboThI, YTO UCKIFOYACT CYOBCKTUBHBIC OMIMOKH CICIHATHCTA. DTO YCJIOBHE MO3BOJSICT
M3YYUTb MPOLIECCH BEPTHKAIBHON JedopManiy psijia COOPYKEHHH U MONYYHUTh LETOCTHYIO
00BEKTUBHYIO KapTHHY.

AstomatnsupoBannyto CI'JIH nenecooOpa3zHo mpuMEHsSTh B TeX pabouMX 30Hax, IIe
3aTpy[HEH IOCTYN K H3MEpsSEMBIM TOYKaM, a TakXke, KOrJla WMEeTCs BpeIHas cpena
(BbICOKas TemIiepaTypa, paguarus, BUOparys 1 T.14.) A/ 370POBbsI CIICLHAIIUCTA.

VYuureiBasi, 4yTo Teppuropus PA cuuTaercs akTuBHOW cedicmuueckoit 3ono0#, ACI'IH
MOXKHO HCIIOJb30BaTh B TIPOIECCE TEOJE3MYECKOTO MOHHUTOPHHTA ISl HCCIIEOBAHUS
BEPTUKAJIBHBIX CIABUI'OB 3CMHOﬁ KOpBI B PEruoHax reoAc3nvYCeCKux U CEHCMOIOTMYECKUX
TeOMHAMAYECKUX TIOJHIOHOB C IEJNbI0 MporHo3mpoBaHus 3emuerpscenuit. ACIIH
1Ie1eCO00pa3HO MPHUMEHSATh TakkKe ISl JOJTOCPOYHOTO MOHUTOPHHIA  OTJIOKCHHUM
(hyHIaMEHTOB BBICOTHBIX COOPYKEHHH, 110 JaHHBIM KOTOPOTO MOXKHO OyIeT YTOYHHTH
pa3Mep HeIOoMyCTHUMBIX nedopMaiuii, U3y4uTh WX NPUYUHBI U CBOCBPEMEHHO NMPHMEHHTH
TEXHUYECKHUE MEPBI I10 UX yCT‘paHeHI/I}O.
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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 0, 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 Ah,, 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, Aha,...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 10° seconds, 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
of the system.

8.As a result 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 of the 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 a time.
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