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Whiypwiiph  wpnpuwlpuwitingsyniip: <wuwpwywlwu ninbinpwwnwp  wywnn-
wpwuuynpunwiht - dhonguliph  hnwwihnygniup npwug  npulp  Juplinpugnyu
gnigwuhou £, pwuh np ny hnwwih wdunnnpwiugynpuowihu  dhongubipp  nipg
dhuwuuwlwu Ynpnwwnubpp L Bywdnunubph tuqdwu, hul npny nbwpbpnd g
Ywpnn GBu opowlw  dhowdwyph  wunwugnipjut  uwywntwihp b dwpniuig
wnnnoniRjwl Juwudwlt wwwbwn nwntwp Hw hwdwp wybhnwlwu Junnygubph,
huswtiu uwl hwuwpwlwlywu L dhowqquihu dwutwghwnwgyuwd
Yuwqdwlbtipynieynuutiph Ynndhg hwwny npwnpnyentt Gu nuipdynd npwug npwyh
U hnwwhnipjwt wwywhnydwut nt yEpwhuljdwun:

Stfuthlwih, wpuwnpnewu U wpwiuwynpnp  ptwguywnubpnd widd 5
dwlyynd b qupgugynud U Yppwnwlwl  hnwwipngeyutu  hhduwnpnypubpp,
npnugnud  oquiwgnpdnud - G hnwwhnput  wbunput dEpnnupwiuwlw
hwpgwnpnwiubpp, unbindynw Gu unp dGennubp W hwadwplwihu pupwgwyungbp,
npnugnud hwoyh Bu wnuynud ndju| pwguwywnh wnwuduwhwwnlnyegniuubpp:

Un hpduwfuunhpubph msnwp Yupbnp £ twb p. Gplwiund ninbnpwihnfuwn-
pnuiubp  hpwlwuwgunn  hwuwpwyuwlwt  wdunnnputuwynpuwhu - dheongubiph
wiufuwthwt wouwwnwuph wwwhndwu wnbuwlbnhg: 2019 p. wndwubpnd  p.
Eplwunwd ppwlhwtwgywsd ninunpwihnfuwnpnwiubph 40 % - hg wydbhu pwdhu k
pulytp SURL puwnwuhph dhypnwynnpnwubpht: Lwnwpwiht - wywnnpnwubph b
dhypnwywnpnwiubph - wbfuthyuwywu  uywuwpydwtu L pupwghl  Unpngdw
wwpblwu  dwfuubpp  Ywgdnd  Bu nne  owhwgnpdwlwu  Swjuubiph
hwidwwwunwutuwuwpwp 7,5 U 5,5%-p, huy hhduwunpngdw Swiuubpp Yuiujws Gu
unpngdwu punyphg U jwunwnpynn woluwwnwuptbph pwpnnigniupg:

Udthnthginy Ywpbh £ Ggpulwgub, np owhwgnpdynn SU2L punwuhph
dhypnwywnpnwiubph  wpwuudhupwih  hnwwpnpjwt  quwhwwnnwp b wpwu-
dhuhwjh hnwwihniejwt pwpdpwgdwu dhowgwnnuwiubiph dowynidu niuh tpwtiuwnnp-
wnwjhtu wuunwugnipjut wwywhnydwt b swhwgnpdwlywt dwiuubph wpryniwybn
Ypbwwndwu Yuplnp Upwtwyniygniu, npp hbtwgnundwu wpnhwywu futnhp B

Whiunpwiiph  bupugpuiip b putinhptibipp:  Usluwwnwuph  tywwwlyu  §
pwpépwgut] UL punwuhph dhypnwynnpnwbbph wmpwtudhuhwih wudunwug
w2fuwinwuph hwjwuwlwunygniup U swhwgnpdwlywu hnwiwihnijniup
Ynuunpniywnpulwt b wbluuninghwlwu  dhongwnnwiubph Yhpwndwdp:  Un
uyuwnwlhtu hwutbiine hwdwp wnwownnpyb Gu hwlyw| fuunhputpp.

1. Jwuwwnb] wpwuudhuhwih JdGjuwthgdutph W wwppbph pbnujwdnipywu

nbidhdubinh L Ynnnghnu dhowywinh wgnbgnieniuutph ytpinwdnie)niu,

2. pwgwhuwjnt] Upqwé wwppbph Juwudwdplbiph punypep L ww| npwug

Juwujwdpwpwiwlwu quwhwwnnidubpp,

3. Jwuwwnb] wpwuudhuhwih  JGuwuhgdubph depdbph hwjwpwgpnud L

hnwwihnyejwl guwhwwnnid,




4. YJwuwuwplp p. bpuwuh  dhypnwydunnpnwtph  punpny  Gpeninhubiph

ybpndniginiu b unwtw npwup punipwagpnn pniyghwtpp,

5. Yhpwnb| wwppbiph wdpnpjwu b Gplwpwybignipiwu quwhwwdwu wpnh

dbpnnubp,

6. Jwwwnpb] npwuudhuhwih owhwgnpdwlwu hnwwhnyywu hwoduwnyubn,

7. wnwownpl] wpwludhupwih  wwppbiph  wdpwgunn  nbGfuuninghwubph

Yhpwnnwiubn:

Lhnwgnunipiut  dpnnubpp:  Upluwwnwtpnd  pipjwéd  nbuwlwt W
thnpédwpwpwywt hbGnwgnungniuubpp hhdujws 5u hnwwihnygywt, hwdwuwlyw-
ungniubbph b dwpbdwnhluyut Jhdwlwgpnipjwt wnbunienivubph b dwpebdw-
whlwlwu dnnGwynpdwt hhdniupubph pw: bpwlwuwgyt) b Yhpwnwlwu punye
Ypnn hwdwihp hbnwgnunieni, npp ubpwnnid b hGnlyw) pupwgwywpgbnp.

» dpypnwyunnpnwubph  wpwuudhupwh L dbjuwuhquubph  wwppbph
othwghunwlwu U hngquwdwjhu Gpunypubph wbuwlwu Ybpndniygniiubp L
Ypnnniuwynipjwu quwhwwnwubp hwywuwlwunyeyniuubph wbunyejwu b
dwpbdwnhluwywu yhdwlwgpnypyuu wpnh dbpnnubph Yhpwndwdp,

» Upywd wwppbph Juwujwdptbph  pwgwhwynmdwtu b dwlwpnuwyh
quwhwundwu Gnuuwlyubn,

»  hwoywplwiwuiwgdwiht dbpnnubpny dwowlwjniingpyut b hnguwdwjhu
nhdwnpnyyut pwpépwgdwu dhongunnudubip,

» wpwuudhupwih  hw2ywpywuwuwgdwiht b wbfuuninghwywu  dhengw-
nnwitbph dwpbdwwhlwywu dnnbh wnwownpnd U ndnufubp wpnh
opwgpwihu thwpbpubnh Yhpwndwdp:

Pnpdwpwnpwlwt hbinwgnunyeniutbpu hpwlwuwgyb) Bu ynnuwwnh wwnppbp
hwdwanyywdputiphg wwwpwuwnywd gutwlwu 15 thnpdwudnputiph, hnquwdwihu
thnpdwpynuiubph  dbpbuwgh L 6 hwpp  thnpdwudnpubph  Jpw'  Ynnnghnt
dhowywypnud:

Chwnwgnnnipju wpyniupubph hwyjwuwmhnipniip @ <tnhuwyh Ynndhg
dlwlybpuyywsd ghnwlwu npnypubipt nu hbinbingeyniutbpp hwunwnyb] U wnwehu
wugwd U hhduwynpgwd Bu hbGwmwgnunnygywu  dbpnnubph, swihdwu ni huldwt
bnwuwlubph UL dwdwuwluwlhg epindnigjuwu dhengubpny' hnwwihnigjuu ghuw-
Ywu npnypubiph, hwdwlwpgquihtu Jbpnwnipgjuwi b dwebdwnhulwu dnnbjwdnp-
dwu ulgpniupubiph, thnpéh  pwgdwgnpdnuwiht - wwuwynpdwu  dbennubph L
dwebdwunhlwlwu yhbéwhwagnnipjwu Yhpwndwdp:

Pnpdwplubiph wpryniupubiph hwdwuwnhnieniup unngybi| £ ZEISS AXIO VERT
Al EiG4unpnuwjhtu dwupwnhuwyny:

Shunwlwl unpnypp: <trnwgnunnipjwi Ywnwnpdwu pupwgpnd unwgytb) bu
ghunwlwt unpnyp ubpluwjwgunn hbnlyw wpryntupubpp.

1. QUR2L puwnwuphph  dhypnwynnpnwtbph Ynbunpniighnt nwppbipp
hnwwihnyjwu  hwydwplubph Yuwmwpnwd wyuwwnniwlnipiwt  twpwplnye
gnigwuhoubph’  wdpnyejwi,  Ynonnpywt, Jwow-, UYnnnghw-, obpdw- L
pnRrnwlwniunyjwu hwdwhp hw2dwndwdp,
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dhypnwywinpnwiubiph - wpwuudhupwinud  Ynnnghnu-hnquwdwihu b dwowjhu
Gpunypubph pwlwlywlwu quwhwwnnwubp, pwgqdwgnpdnt uljgpenitupp hwsayh
wnunn Unp hwjwuwlwu gnpdwyhgubpny W npwug $niulghwubpny, npnup
uoywd gnpdpupwgubiph dwepbdwnhulwu dnnbjubpu G,

. upJwd  dniuyghwubph  thnthnjudwt  punyplu pun ghywht  wpnuubph L

Gpywpwybtignugyniuubph  dhowlwipbph, puswbu  twl  npwug  Yhpwndwu
huwpwynpniginiuubpp dhypnwyuninpnwubph wmpwuudhuhwih Ypnnnibwlynipywu
pwpépwgdwl, Swnwnipjwt dwdytwubph dpgpundwu b Ynuuwnpniyghwip
ujnipwwnwpniEjwu ujwgbgdwu hwoywpyubpnud,
dhypnwywinpnwutiiph ppwuwihu Ynuunpniyghwip b wpwuudhuhwih dbpbuw-
dwubiph Ynnnghwnhdwgyniunygjut pwpépwgnuip fubdwihu hhdpny wnihdbpw-
Jhu Yndwnghghntu dwdynypubph Yhpwndwdp,
Epuwu pwnwph dhypnwdunnpnwwihu tppninhubph nbhbdwiht wnwuduw-
hwinynigniuubpph quwhwwnnudp b dwpbdwnhluywu  dnnGuynpnuip
wmpwuuwnpuwihtu dhongubiph owyunhdw| wyfuwwnwupwhtu nbdhdh wwwhnydwu
U Gppeninwiht unp gwugh dLwynpdwt bwwwnwlny,
wpwuudhuhwih hwugnygubph wudbpd Swnwjnewu dwdlbnubph Gounnudubp,
npnup uwfuopnp wnpjwd dwdytinmubph hwjwuwlwu quuwhwwndwdp Yupnn Gu
wwwhnyt] wnbuthjwywu  vwywuwpydwu  hpduwynpdwd  dwdwuwlwgnygh
dlwlbGpwnuip:

Urluwwmwuph gnpduwjw tywuwlnipiniup b wipmyniupubph hpwgnuip:

Uhypnwywnpnutbph  wmpwuudhupwih  dbptuwdwubph dwodwu b hnqUwdw)ht
nhdwnpnygjwut ninnyuwdé hwdwihp hbnmwgnunnygwu wpryniuputipp pny| Gu twiwhu.

1.

uoywd dbphuwdwubph Juwudwépubph dhypn- b dwypnbpypwswhwlywt
htnwquudwu  Jdhongny pwgwhwynb]  Juwujwsdpubph  wnwowgdwt U
qupgwguiwu gnpdpupwgutipp U wnwewnpb) dbpnnubp wn gnpdpupwgutiph
huwpwynphtiu  nuunwntgdwu b dhypnwyinnpnwbph  Swnwynigjwu
dwdlytinh Gpluwpwgdwu hwdwn,

unwgyws  hwpwpywjhu  dbpnnubipny U pupwgwlwpgbpnd  npnoby
wywnnuinpwuuynpunwiht - dhongh  duwgnpnuiht - Gplwpwybgniginiup b
dlwlybpwb| wbuthluywt uywuwpldwt ywppbpulwunyeyniup,

Yhpwnb Spwapwihtu dhengutip unp whiwgdywd Yud Swnwjnieiwu dwdltinh
npn2 dwup uywnwd  wynnunwpwluwnpunwiht dhongh  Ypnnnibwlynieywt
ntigtipyh pwgwhwjundwu hwdwn,

ognwgnndt| hwidwwwwnwufuwu wwainwwuhy Swdynypubn
wpwuuwnpuwiht dhengh wpwuudhuwgh hwugnygubph U dbpGuwdwubph
Ynnnghnt gnpdplpwgh nwunwnbgdwt Uwywwnwny:

Jdbpnugjw)  dhongwnnidubiphg  wnblwfunuwlwyu  wofuwwnwupnd  hhduwlwunwd
nhunwpyyty £ dhypnwyunnpnututph wpwuudhuhwih  wudunwug  woluwwnwuph b
swhwgnpdwlwu hnwwwihnygjuu wwwhnddwu hhduwfuunhpp:

UWinGuwununipniund dowyyws inpwuudhuhwih wgpbquunubph b dbGfluwuphqu-

utiph dbpbuwdwubph Ynnnghwlwjnwwnigjwu b wdpnygjwu pwpdpwgdwt inbtuunn-
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ghwywu owbpwghwubpp b SU wwppbpwywunygniuubiph dpgpundwtu dbpnnwpu-
ungniup - Gpwofuwdnpdp Bu ubpnubp «wwwuh plintwninbnpuwmwp
wywnnunpwuuynpuwihts  PRPC -nwd, nph wprynipnd  wwpblwl  nunGuwlwi
wpryntbwybwnngyniup YYwqdh 14 950 hwq. << npwd:

ANMuwyunywunipjwi ubipluwjwgynn hhduwlwu npnypubpp.

1. p. bplwunWd swhwgnpdynn GFU2L pUunwuhph  dhypnwywmnpnutbph
owhwgnpddwt wnwuduwhwwnynieniutbph b mbuuhywywu yhéwlh
ytpnwdnipjniup,

2. dhypnwyunnpnwtph wpwuudhupwih  wblubhyulywu  Jdpdwlh L
BEnlwpuwybgnieiwi hwywuwlwu guwhwwnnuubpp,

3. dhypnwywnpnwutph  dGfuwupyuwywu  wpwuudhuhwih  hnwwihnyeywu
quwhwwnnwiubpt pun wptuwnnwwlniwiu hwdwihp swhwuhubiph,

4. p. bpluwuh wpwluwynpunwiht  ninkgdtph  pwofunwWp U nbjhtdw)hu
wnwUuduwhwwnynyggniuubph nunwiuwuhpndp,

5. dhypnwyunnpnwtbiph wpwuudhuhwih  hwugnygubph b depGuwdwubph
Ynnnghnu hnquwdwiht nhdwnpnipwt  gquwhwwnwubpu  wdpnpuu b
ghllwjht Bpywpwltignipniiutinh pniuyghntw) Yuwtiph dhengny:
Wuwwwuph thnpdwplp: UnbUwlununigjwu  hpduwlwt npnypubpp b

wpryniuplbipp  gbynigdtp b pluwpydlp Bu. <UMC 2018, 2019 pp. wnwpblwl
ghwnwdnnnqubnpnid, Spwtuwnpuwhu dhengutiph wdphnup ghunwlwu
ubidhuwnubipnud, <<Jloructuka, Tpancnopt, akonorna-2019 >> (29-30 hnywn., 2019 p.,
p. Gplwt) dhowgquiht  ghwindnnnynud, <<WHdopmauuoHHble  TexHonorum w
WHHOBaLMW Ha TpaHcnopTe>> VI dhowqgquihu ghunwdnnnynud, (20 dwihup, 2020 . p.
Onyny, MHH:

Wuwwmwuph  wpmyniupubph ~ hpwwywpwynuip:  Unbuwfunuwlwu
woluwwnwuph  hpduwlwu  wpryniupttipp hpwwwpyysp o 14 ghnwlwu
hnnjwdlbpnud, npnughg  8-p' wpwbplypubpnd, huy npwughg 3-p° Scopus-h
ounbdwpwunw pungpyyws wduwgpbpnud, 5-p* wnwug hwdwhbnhuwyubph:

Uzluwwnwtph junnigdwdpp b dwywp: UnbGuwfununieniup pwnyugws b
ubipwénip)niuhg, snnu g|nijuubiphg, hhduwlwu Ggpwlwgnyeniutbnhg,
gpwlwunipywi gwulhg b hwybwsdhg: Cunhwunp dwywp' 147 ko hwdwuwpgsw)ht
awnyuwdpny, ubipwnywi 47 ulwp,13 wynwwly b hwybyws:

uchiusuuvebh APNYUULILUNRGE3NRLL

Ubpwdnipyniunid ubpywjwgywd Gu ptidwih wpnhwywunye)niup,
hbnwgnunipgut twywwwlp W fuunhpubpp,  wwonwwuneywl  ubplwjwgynn
npnyRubipp:

Unwoht qiunid  wpjwd Bu p. Gplwund swhwgnpdynn hwuwpwlwlwu
wywnnunpwuuynpwh - wofuwwnwiuph  gwdp  wpryniwwybnnwu hhduwlwu
wwwnbwnubpp, pwhwgnpdwlwu hnwwhnyejwi tpwiwlnyentup nhwig wuynwg
U wpryniuwybn wotuwwnwuph wwywhnydwu hwdwn:
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LUbnpYwjwgyws Gu hnwwihnygjwu hwoywnljwiht deennutipp, npnup dlwlbpuyb;
Eu T dwquunydh, U4 Unwlywuh, U.S. Upubiphnath, UW.U. Shpohyndh, d.d
Unipswinyhuh,B.U. Yniqutignyp, 6.U. Mnhup, P.Y4.Sninh W wjing Ynndhg: Uwlwju
wju ninnijudp wiuhpwdbon Eowpniiwyt) hGnwgnnnyeniutubpp, hwoyh wnubiing
npwug Juplinp gnpduwljwu bpwlwynyeniup:

Udwndnppubiph b wyunnunpwuuwnpunwiht dhongubph  swhwgnpdwlwu hnwuw-
(hntjwl gnigwupubph hGunwgnundw, quwhwwndwt b pwpdpwgdwu hhduwfuunhp-
ubph (n6dwu Jbpwpbpw) (nipe ubipnpnd miubu 6.U.4niqubgnyp, W.U. Chjupup,
P.L.Gnnp, L.U. PughYuwup, UL.U. Ynigdhup,4.+b Uhquip b wyp hbnhuwlubn:

2017-2020 pp. pupwgpnud SURL| puinwupph 45 dhypnwywninpnutph hbGunwagn-
wnieniubph wpryniupnid pwgwhwpngtp b wipwuudhuhwih 520 dbpd (wn.1), nph
hpdwu  Jpw quwhwwdty £ wpwuudhupwh  punhwung hnwwhngggniup
wotuwwnniuwynput pun hwonpnulwt Yuwwbph ufubdwih, npp Yugdb £
P=0,352-0,875 0,889 - 0,889 = 0,2434:

Unjnuwy 1
£. Gplwunwd owhwagnpdynn FU2L| punnwuhph dhypnwywnnpnutiiph
wpwuudhuhwih dkpdtiph wyjwjubpp

N Lwdwlwpgh Ubtnpdtph | N Lwdwlwpgh Ubipdtiph
wwppbipp pwtiwyn wwppbipp pwiiwyn
I bgnpnhs 337 1 | 2-pn thnfuwugdwu 6
winwduwuhy
1 Swpdwpbph gjfuwynp b 74 12 Uhswnhp 9
woluwwnwupwiht giuuubph
fugnijubin

2| Swpdwpbiph gifuwynp gluu 4 13 Snlnnprwih 4
ihutinh fugnil

3 Swpynn ujwywnwy 195 14 Unweuwyhu (hutinh 10

wnwugpwluy

4 Ubindnn ujwywnwly 17 | bwpnuwbiughti shnpuwtignid 58

5 Ygnpnhsh quidpinin 20 15 huwisniy 16

6 Ubndnn wnwugpwluw| 23 16 | Uhswuljw| htuwpwuh 42

wnwugpwluy
7 Gnwuhl 4 IV | Swunn wdpowly 60
1 @nfuwiignidubph 65 17 |Ywdpowlh b nhdtptughwih "
ynuh Ygwonipp
8 1-hu b 2-pn 20 18 | “Ywdpswyh thnnwy 8
thnfuwtgdwt Ygnpnhs

9 Gpypnpnwjhu jhubin 6 19 Yhuwununt dhownhpubp 21

10 Lowyh fugniy 8 20 | Yhuwununt fugniy 20
Cunwdbkup 520

Gphypnpn qnipup  ubpyujugundd £ dhhpnwyunpnuh npwuudhuhwih dbfuw-
uhguubiph  wwppbiph  Juwujwdpubph  punypep UL npwlg  qUwhwnnwubpp:
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Loywd wwydwuubpnud npnpwlh Gonneyntt £ wwwhnynwd hwodwplu pun
wuywnwtgnieiut pnywunpbh gnpdwlgh'
s=0,/0,.,. 2[sl] (10)
npuinbin o - U wgnnn wnwybwgnyt wpnuu £
[s] -h wpdtiph puunpnienup hwdwnpyn § bwhuwgddwu Yuplinp thny, pwth np wju
Ywiujws £ gnpdénuubiph 6hoinn hwydwnnuihg, npnup ndywp U Gupwplyynud
pwlwlyulwu qguwhwundwu:

Spwuuwnpuwihu dhongubiph hwdwp, pwgh wdpnipjwt wwwhndwu wwjdw-
uhg, wuhpwdbon b Uwl hwoyuplyb) woluwnniwyniejwl hwwnntly gnigwuhpubpp
(Ynawinipniup, dwowlwynuniegniup, Ynnnghwlwjniuneyniup, stpdwljwyniunyeyniup,
ppRrwywniunyniup W wyju), npp phjwnpqwd b updwd dbfuwuhyuwlwy hwdwlwp-
gbpht  ubplwjwgynn  wwhwugtbpny U wojuwwnwuph  wnwuduwhwinynypjudp.
dbiptuwdwubph U hwugnygubph puwlwunt nhppwynpnudp fuwfuinnn nEdnpdwghw-
ubiph vwhdwuwhwynwiubpny, Gnpnynn dbpbuwdwubph nbnwowpddwu b hnfuw-
nwpé nhppwynpdwu  wuhpwdbon Gonnggniut wwwhnynn  dwodwt  wuwnhbwuh
thnppwgdwdp, Unnnghnt b phdpwlwtu wlhnphy dhowywypbipnd  woluwnmwupny,
pnernwiutph W nmwwnmwundubiph ny pwpbuwwun wgnbignieiwt tipwgdwdp:
LJwqugnyu dEnwnwunwpnygjwt wwywhnydwt wwjdwuubpnud wpwuudhupwh Ypn-
nniuwynigywu nno nbunipup |phy oquwgnpdtnt hwdwp (9) -h hwodwplubiphg
wugnu E Yuwnwpynd hnwwihngywt hwodupyubiph hwjwuwlwy depnnubpht’ pun
woluwwnniwynjwiu gnigwuhputiph, hwdtdwwnbing npwug hwedupluwiht dhohu L
uwhdwuwjht  wwpwdbnpbpp (Y—Yljm)<0mwnpbnm|ajw‘u wbupny: Uudbpd
wotuwwnwuph hwjwuwuwunyeywy npdwd dwlwpnwyh hwdwp Gupbh gpbl’

Y =Yy =2,5, (11

npwbn s zwls% +s32(ﬁm .z, -U° unpdw|  pwofudwu  unpdwynpyws  dniulghwh
pywuwnpip, npp hwdwwwunwufuwunw £ wudbipd wojuwwnwuph Px) hwjwuwlwunt-
pjwl wnwownpywd dwlwpnwlyhu:
Quuwithnfubiny (11)-p, Yupbjh £ unwuw]'
TV B Y (zim/f)_l s-1

zp = == == == >

s \/sém +57 ‘/(syﬁm /}7)2 + (sY /}7)2 \/(§vhm Y +vi
(12)

npwntin 8 =1, /7 - U wunuwbignipjwt gnpdwlgh dheht wipdbipl £,

v=5,/7, Vi, =S /T 0" Vi ¥ - duinhrughuwyh gnpduwijhguibint tu:

{(12)-ny hwoqwnlyubip Yuwwpbijhu jnipwpwtsin nGwpnud Ybpgynwd Bu nyjw) wotuw-
wnntiwynipjuu gniguuhoubiph hwaywplujht b uwhdwbwjht ywpwdbnpbpp:
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2nppnpn gjlund Ubplwywgyws £ Gplwt pwnwph dhipnwyuinpniuwihu
Gppeninhubph nbhtbwiht wnwuduhwnlnieniuutiph hwpdwnnwip U bpindnigniup:
THhuowpyws Gpypwswhwlwu b gbnnbghwlwy wwpwdbnpbpp hnfujuwwygdwd
dtdniggniuutip Gu W hpwp hbn pwqdwdniuyghnuw) Yuwbph dbe Gu, npp Jwpbh £
ubipyuwywgub| punhwunp $niulghwih wnbupny’

F(L.L.H, . AH,.K,) =0, (13)
npu k| hwuwnpbu Gpeninnt hGunwgdh dwpbdwunhywlwu dnnbiu £, nph Yhpwndwdp
huwpwynp £ ppwlwuwgut] qunbihph, Ynuunpniyghnu mwppbph dwoduwoénipyu,
Juwudwspubiph wnwowgdwt b SULL-hU wnusynn dwiuubiph pwtwwlwt quwhw-
wmwlwuubpp: Hhuownpydwd G p. Gplwuh nbiht$wiht wnwudtwhwwnynigniutbpht
wnwyt| punpny NN 2, 6, 10, 28 U 59 dhypnwywnnpnuwihtu Gpeninhutinh nintigdtipp:
Unwtnwpun dpwgpwiht dhongubiph Yhpwndwdp unwgyb) Gu (13)-h wywpwdbinpw-
Ywu dniuyghwubiph nbgptiuhwih owwhdw] hwjwuwpnwubpp A2 Gpenuinnt hw-
dup(wn.2):R? gnpdwlygh tdwtwwnhw thninfunieinittubp Gu pugwhuw)nyb twb Juw-
gwsd bppninhubiph (NN6,10,28,59 ) hwdwp unwgywd wnjjwjutiph nbwpnud:

SU-h owunhdw] wwppbpwlwunygiwu npnadwt hwdwp hwjwpyt) b dowlyytp £
p. bpliwth wwppbp Gppninhubpnd wptuwnnn SURE| putwuhph dhypnwywnpniu-
ubiph wpwuudhuhwjh wwppbph depdbph uygpuwywu nbntwwynieiniup (wn.1),npp
dowlyb| £ WebFOCUS RSTAT dpwagpujhtu thwpbiph dhengny: Unweht thnynid dowly-
Ynuw & wwnpbiph dbpdtiph wnwetwihu wbnblwwynieyniup b Ywnnigynwd Bu dbpdtph
pwofudwl hhuinngpwdubpt pun woluwnwpwuwlyh:

Unjnuwy 2
N 2 Bppnunnt (13) wwpwdbnpuwuwu hwywuwpnuubiph owwnhdw)
wwppbpwyubph punpnipiniup

N - Y= 0) 2
>.1 1] B

*] = 0,018x4-1003,6 0,9857

y = 10 72+ 0,020x + 1007,6 0,9863

1 = y=-3m ” 3+5m10 "2+ 0,0 + 1008,2 0,9869
y=-2m 1" 4+6m 10 3- 5ml0 A2+ 0,035x + 9958 0,9911

= —0,020x + 15,409 0,2433

y=-2m A2+0,1003x + 2,812 0,8785

2 Ne,= ()% =-2.10 ~3- 10 "2+ 0,060x- 0,498 0,8990
y=4m 1M 4- 6m10-"3+ 2m10 4X2+ 0,03" - 0,140 0,9012

y = —9ml0~" + 0,056 0,4700

y = -4 ml0-7x2+ 2m1 0 " + 0,012 0,8737

3 = ) >3/ =8ml04" 3- 10 "2+ 4ml0 ~ + 0,006 0,9319

y=104 4- 2m10 ~"3- 2m10 ~2+ 5m10 ~ - 0,0004 0,9338
) -
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Ynud Gu dUGjpnih pwofudwu optiupny, htinbyw| puniyewgnpbipny.

thnpuwiugnidubph quing
ynith hwdpoudly
x 2 swithwuhy 2,244033 3,098257
0,3325640559 0,2144730836
74,26804 80,39275
1,8799999952 2,0699999332
-

1 1 A1

a3 600*6 An

67*60



Uhypnwywnpnwh wpwiuudhupwih dbfuwuhgdutph SU-h owyunhdw| wwppb-
pwlwunuyeniiubph nprondt ppwlwuwgyty £ hwpnuph dbpnnh Yhpwndwdp' puwn
wudbipdnipywt pnyjwwnpbih dwiwpnwyh:

Lhuinwgnunynn junnigwdpwiht wmwpph dbpdh (nhuyh) hwjwuwlwuniygniup
npnaynud k.

F, =Jn‘f(X)dX —Fft,-x) /0]: (14)

Cunntind nhubyh d&dnieniup F;=0,15 (npwbtiu dwuwwwphwihu tpplbynt-
plwl wudunwugnipjwt hwdwp wywundnphih Junnigywdpwiht ny wwwnwufuwbwwnt
wwnph), unpdw) pwotudwu $niighwih wnnwwlyhg npnaydnad £

F(z)=015, z=-104, htibwpwn (10 _)_() /g =-1,04, npntinhg thnfuwugnu-
utiph wnuhph SU-h  hwoywpluwiht - wwppbpwywunieniup TA3-322132  dwluhoh
dhypnwywinpniuh hwdwp unwgyn £

A = 1,040+ X = —1,04-36695+65918 = 27755 Yu:

Ldwu nwuwyny npnaynid £ riwunn Yudpswlh SU-h hwedwnlwjhu

wuwnpbpwwunyeniup TA3-322132 dwluhoh dhypnwywnpnwh hwdwp'
F(z)=0]15, z=-104, htnlwpwnp (10 _)_() /0 —_104>
l, = —1,040 + X =—1,04-36022+ 71208 = 33745 Lk

SU-1-h ywwhynipgjwt wwwhnydwt hwdwp wiuhpwdbown £ Gogpinb| wwppbpw-
Ywunignwiubipp: <hug Gpeninhubph ninbgdtph wwpwdbnpbph b wpwiuudhuhwh
520 dbipdtiph wdthnith njjwiubiph Ywutuwwbunn Ybpindnyejuu hhdwt pw unwgyt
E- Gpeninhubiph  wpndhiubiph pwpnniggniup - quwhwwnnn dhohtiwgdwsd  qnpdwlhg
(K=0,76): Upryntupnwd unwgynud Gu p. Gplwth swhwgnpdwlwt ywjdwuubph hwd-
wp  dhypnwywnpnwitiph whiuhywywt  vwwuwpynwiubph  wwppbpwlwunyenio-
ubiph G2qpunywd hbinlyw wpdbipubipp. SU-1° 2736 4u, SU-2' 10944 4

Lwuh np Grgpnywd unpdwnhywiht wwppbpwlwungeyniup Yugdnmd £ SU-1-p°
2736 4d, wwyw thntuwugnuwiubiph wnuhh SU-h owwunhdw) wywppGpwwunigynup Yihuh
L1"=273610=27360 4, huly wnwunn Ywdpowlyh hwdwn' L;,%=2736-12=32832 4u:
Uw hhduwynpywsd k, pwuh np nbuthljwywu wgnbgniygjwu wju dogpndwd wwppb-
pwlwunyeniup sh wugund dbpdbiph (nhuytiph) Enywwpth  hwywuwywunyeywi
uwhdwuubphg' F; = 15%: Glubny wpwuudhuhnt jninkpt wybh pwpsp Yungh jnnnd
thnfuwphtbnt  Gpwofuwynpnigniuhg, huwpwynp £ thnfuwphtunudp  hwdwwnbint|
Gppnpn SU-2-h wuglwgdwu dwdlybwnubph hbwn Ly, = 32832 4 Juwgph nbiwpnid:

b wwppbpniniu wy nbjuuhluwlwtu  hwdwlwpgbph b uwppwynpnuubiph,
wpwuuynpunwiht dhongubipp gnpénd Gu wdbh pwpn wouwwnwupwihu nkdhdub-
pny, dpunnpunwiht ubpgnpddwu wwydwutbpnw W dinthnfuwywu nbihEdnd nbinw-
Juywsd nintigdtpnud’ dhwdwdwuwly wannn Gplynt b wybh gnpdnuubph wnluyni-
pjwu nbwpbpnd,npnug wgnbgnieiwl punyep U huinbuuhynieniup Unyupuly dh ninb-
qoh Bplujupny Yupnn £ thnthnfuwywt hub:
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Qnpdnuubph hwdwwbn wgnbgnieniup phjwnpnu £ hwdwihp thnpdwpyndubph
hpwywuwgnid wjn gnpdnuttphg hhduwlwuubph hwogwndwdp: Pwup np npwughg
£ Ynnnghwjh U hnquwdwihu pwjpwnuiubinh hwdwwnbn wgnbgnieniup, npp hwugbg-
unw £ wpwiudhupwih ywwnwuluwtwwmnt hwugnygubiph L depkuwdwubph Ypnnne-
twynejwit  ujwqdwup,huly npny nbiypbpnd® bwb hnquwdwiht  Ynnpdwdpubiph
wnwowgdwup, bywwnwlwhwpdwp & hwdbdwinwlwu hnguwdwjhu thnpdwpynwiubiph
Yuwwpnu Ynnnghnt dhowwypnd (NaCl-h  nwdnyph Yhpwndwdp),oquwgnpstiing
gbpwdnip  dwdlynypeny  thnpdwudny  hnquwdwiht  Gwpbph  wnwowgdwu L
qupgwguiwt hwwndwdubpnd: U twwwnwyny ogquwgnpdybp &t thwly ndwihu
tgpwgdh ulygpniu-pnd  wpfuwwnnn  hnquwdwihtt  uwppwynpnud,  hpwlwuwgubnt
thnthnfuwuwt pwpn pnujwdnipiwt wywjdwuubpnud (hwdwwnbin yununwlwi dnnd L
ninpnud,t/o =0...2,5), huswtiu twl onnuwi U Ynnnghnu dhowdw)pnid (NaCl-h 3%-wung
(ndnyp) thnpdwp-Ynwdubip:

bpwlwuwgyb) Bu 3 fudpwpwuwl hnpdwpyndubp’ onnud (GJwt - B), Ynnnghnt
dhowywypnud (K) W unytu dhowywjpnd  wwownwwuhs Swdynype Yhpwnws (KM)
wnnwwwjw thnpdwudnpubpny  (d=12 dd, r/d=0,042, ynnuwwn 40X, g,=906 UNuw,
o7 =660 UMNw, HB=265): “wwnwpywsd thnppwdwlw)| hnquwdwiht thnpdwpynuiutiph
jnipwpwuginip fudpwpwuwynd pungplydtp £ n=5 thnpdwudny: $npdwudnpubph
w2tuwnwupwiht gninnid wywhnyynud £ Ynnnghnt hnnilh Ywehjwht jud wupun-
hww nnngqdwt ulgpniupny dwwnnignd, hwdwdawju FOCT 25504-82-h wwhwugubinh:

<w N ghlwht tipljw-
pwytignieniubph nhuwtipuhwih thnthnfunyejwu punypep, unwgyt| Gu hngquwdw)hu
(\ ) pEYydwu Ybwnbph

K K 7 gnpdwlyhgubtiph gpw$hlwlw npnanwdp
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Unwgywsd wpryntuputipp dowldws b ubpyuwjwgywsd Gu wn.3 —nud:
Uryniuwly 3
Onnw L Ynnnghnt dhowywjnpnid juwinwpyws hnguwdwihtu thnpdwpynwiubiph
wnyjwiubpp b unwgywd wpryniupubipp

N° | ®np- | Uhgw- 01 N;, Uhouwpdbipwht nbigpbuhwih | 17l | Grer | N,
dw- |Jwyn UM ghlyt ghép UTw| ghlyy
udnw lgN = C —mlgo

445 1,825.10° 3,95.108
415 1,1393.10°
B On 400 5,8215.10° lgN = 32,8231 —10,5262lgs 0,9316 | 390
395 4,2891.108
385 3,5912:10°

270" |1,8026.10° ° 2,11-10°
170 1,937210° | 1gN =16,2603-4,50411gc" [0.9418"
K 225 5,946110° | IgN = 21.7694-6,7242lgo | 0.9326| 172

3% [180 4,0865-10°

NaCl-h[q50 1,3228.107
onwih

295 [a516210 27510°
snyp [250 [2388110° | 10N =22.4184-4,50411g5" |0.9515
5
"3 285 |8.866210° | "o\ = 59 8576724210 | 0,9542 200

260 4,7856-10°
230 1,1475107

¥) Lwdwppsnid U hwgpippupwpmd  ippdwé G thnpdwnynidubph ipduugtipn U uipwgdwd
wpryniipliipp hnqlwéwght gétiph pahdwl whu (N; < N;) b wy (N; = Ng) Gnunbiph hwdwp

GEEEEERENEEEEN

LJwuwnhquihtu hnquwdwihu qétiph punwuhpubiph hnfuwnwnpéd nwuwynpni-
pintup (uly.8) hwuwmwwnnud £ Belzona 1111 dwluhoh wwounwwths dwdlynypeh Yhpwn-
dwt wpryniuwybinneiniup, npp fhubinh jwpnuiubph Ynounwlhsh (rantens) inbinuidw-
unw nwunwnbgunw t hnquwéwihtu dwpbph W Ynnnghnu oswfutbiph wnwewgdwu b
qupgugdwt gnpdpupwgubpp b gnuiwpwiht wpnyniupny pwpdpwgund (hubinubiph
UnnnghnU-hnquwdwiht  nhdwnpneyniup: . Lpywd  Gplunyph  pwlwlulwu
guwhwwnwp Yunbih £ hpwlwuwgub) hwdwdwju Ynnnghnt wgnbignigjwu gnpdwlgh
(TOCT 20.504-82 )

K, =0 /Oy <1, (15)

npnbn Oy, U Opy- p dhowduwipnd b onnud uwhdwuwthwy nhdwgyniuniejwu

uwhdwutbpu U wnwownpws N ghyuyhtu  Bplupwlybgnyeywt  wpdbipubiph
nbwpnui: Ujn uyuwnwnndubphg Giubing' npwtuwynpuwihu dhengubph Swnwinipjw
hpduwynpywé dwdybinubph  npnodwtu  hwdwp  tywwwlwhwpdwp £ (15)-hu
Udwuwwnhy dh unp gnpdwlgh wnwownpndt pun  Gplupwybgnewl, npp
wbintYwwnnt gpwywunteyniund upyws k.

K

Ni

~N_/N, (16)
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npinbin N p U N~ U o ghyuht gbippbnudwdéph wnwownnywé  dwywpnwyh
hwdwp  hnquwdnpjwt hwdwwwwnwufuwt  pjwuwhjwht  hwjwuwpnwiubiphg
npnaywd ghyjwghtu Gplwpwlbgnieniuubpu Gu:

Udpnigjwt b bplupwlybgngeywt G2qpndws hwadwpyubpnwd ywpunp b K L
K, anpdwyhgubiph hwjwuwywuwhu wpdbputiph Yhpwnndp  P(N)  wudbpd
hwjwuwlwunyniiutiph wpdwd dwlwpnwynu, npp htwpwynp £ £ =7 (V,z,) b

K,, =¢(0,z;) Pmulghwubiph pjwuwnhjwihtu qétiph puwnwuhplbph wniwjniegjwu
wwjdwuubpnid:

CLAKULNRN BRAULUSNRESNRLLEN BY UNURUMUNME3NRLLEN

Ywwnwpywd k ninlnpuinwp wywnnuinpwiuuwynpuwiht dheongubiph
owhwgnpdwywu hnwwihngiwt hwdwhp hGnwgnunniu b wnwewnpywd Gu
hnwwihnpyutu  hwoJwpluwjht  depnnubp  dhypnwyunnpnwutph - wpwuudhuhwh
wwinwufuwuwwnnt hwugnygubph b dGfuwthgdubph Ypnnnivwyniypywt gnigwuhoubiph
npndwt  hwdwp: <wwnuwwbu  npwnpngnie F nupdjwsd  dwpwlwjniunyejwu
wwwhnydwt  hwpgbph, pwuh np  wpuwnpudhongubph  woluwwmwlupwihu
ntidhdubph wwpbguwph  wénn dhundubpp U wbuwupwp  hgnpnyegniutbpp
wnwtwiht GU nunapb| updwd gnigwuhop:

Lhwnwgnunnipynitubph wpryniupnud wwpgdbp £, np p. Gpliwth wwjdwuubpnud
owhwgnpdynn FU2L] punwuhph dhypnwywmnpnwtbph dbpdtiph 19% -p pwdhu |
puyunw wnpwuudhuhwihu: bPp hbpehu, wpwuudhupwih dbpdbpp  hhduwywund
pwoluynud U hbwnlyw Ybpw. 70%-p pwdhu L puyund Ygnpnhshu, 15...17%-p'
thnfuwugnudubph  winuppu, 8...10%-p' Ywpnwuwhu ¢hnfuwbgdwip, huy 2...3%p'
wmwunn juwdpswlyhu:

Ywwwpyl, £ p. bplwtp hwuwpwluwlwt  wynnunputuynpunnd - FUR2E|
punwupph dhypnwywnnpnwbbpny uwwuwpyynn 64 Gpeninhutiphg hhduwlwuubph
nbhtdwiht thnthnfunieniuubiph Yapndnieyniu: Uhypnwywnpnwubiph wbfuuhyuywu
uywuwnpldwu, owhwgnpdiwu U unpngiwu  gnpdpupwgutph  dwdybunwiht
Gogpuinudubipp Gupwnpnd U wnwyb| punipwgpuwywt b punpdwd 5 Gppninhubph
nintigdwihtu wnwuduwhwwnynipyniutbiph nwnwitwuhpnud:

Spwuudhuhwih  hwugnygubph b dbluwupgdubph  Ynnnghnt-hnguwéw)hu
nhdwnpnipiniup guwhwunbine twywwwynd  punqujodws £ rO0CT20.504-82-ny
wnwewnpynn  Ynnnghnt  wgnbigniyegjwu  gnpdwiligh  huwpwynpnugyniuubpp,  wiju
ubpyuywguny  hwjwuwlwu  bniuyghwih  wbupny  punn N ghYjwihu
Gpywpwlbignipwu b Ywuowndty Eojpwgnud®  gnpdwlgh  unp $nitlghwh
wnwownpdwdp, npp  quwhwwnd £ ghljuwht  Gplwpwybgnynut pun o
ghipjwpnuiutph dwupnwyny:

Ywunwpywd winbuwiunuwwu woluwwnwuph wpryntupny Ywpbith b wnwewnnb
htinlyw| Ggpuwlwgnyniutbpp b Gputuwynpnigynitubpp:
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1. Cuwn hbwlwgpwlywu nwnwuwuppnigniutbph, p. Gplwth hwuwpwlw-
Juwtu ninunpuithnfuwnpulwt wynnnputuynpunnd  dhlypnwynnpnuwiht swpdw-
Yuwagdp punhwunp swpdwlwgdh 68 %-u L, gnpdnwd L 59 bppnuinhubpnd L
hpwywuwgunud ninbinpwihnfuwnpnudutph dwywih 40 %-hg wykiht: Fugwhwjnygb)
GU hnwwihnpjwt gniguuhoutiph ypw wgnnn gnpdnutbpp b Yuqdwsd Gu dhypn-
wywnpnwtbph  wpwuudhuhwih  hwugnygubph b dbfuwuhgdubph  hnwiwihnieywt
Yunnigywdpwhbimbwupwjht  Juwbph ppny-ufubdwibpp, npnup ey G wwhu
fudpwynpb] b nwuwlwpgb| htwpwynp wuuwppnyniubbpp: Cunpdt) Bu updus
dbfuwuphquubph U hwugnygubiph hnwwihnygwu hwawplubpt pun hwenprwlw,
gnigwhbin b hwdwygdwd Yntuuwmpniyunphy hwdwlwpgbph, npnug dhongny puwnn hwu-
gnygubiph dbpdtph hwjwpwgpwd ndjwjubph (punwdbup' 520 dbpd) hwoywpyywd
bu hwugnygubph hnwwihnygyniuubpp, hul npwugnd’ wpwtudhuhwih punhwunep
hnwwihnigjniup:

2. Ywunwpyws £ dhypnwyinnpnwubph wpwuudhuhwih depdbph nuuwlwp-
gnu puwn hwugnygubiph, npnug wbkluuhywywu yphédwyh thnthnfunyegwu hhduwlwu
gnpdnuubpu BU' Jdwop, wnwdqulwl b wwuwhy nb$npdwghwubipp, hnguwdwihu
pwjpwinip b Ynnnghw: Yninpjudpwpwuwlwl uygpniupubpny ybppndyly Gu Ygnp-
nhsh ytpnhph W uywywnwyh, hnfuwignuiubiph wnuhh hubinubiph, wwnwduwuhdubnh
L wnwugpwlwjubph, Jupnwuwht thnfuwtgdwt, wnwiunn Yudpowyh depbuwdw-
ubiph  Juwudwdpubpp U Ynuinpdwoépubipp, huswbu twl Ynenghwih  Gupwplwd
hwwnwdubpp:

3. Uhypnwywnnpnwubph wwunn fwdpswyh htdwuh wpunwphtu hpwuwhu b
wpwuudhuhwih ubppht pwg hwugnygubiph Ynnnghwhnquwdwihu nhdwnpnieniup b
Ypnnniuwlnigyntup  pwpdpwgubiint twwwnwyny  ogunwgnpdwsd Lt Belzona 1111
dwluhoh  wnjhdGpwht  Yndwnghnwhu  dwdynyep, npny  wwwdby Gu upduwd
wmwppbiph ubippht pwg hwnywdubpp b dbEpGuwdwubph jwpnwdubph Ynnwyhsubinh
Ggpwagdtpp: Onnwd L Ynnnghnt  dhowdwpbipnid  Ywwwpdwd  phdhwlwu L
hnquwdwihu (wpnpwwinp  hnpdwpynwiubpp  hwunwwnd o wn dwdynyeh
Yhpwndwt pwpép wprynitwdbunnieginiup, nph sunphpy hpwuwhtu hwugnygubinh
Swnwinipjwu  dwdybwp  Gplwpwagytp £o1,4...1,7  wuqwd, huly hubinubiph,
wunwduwuhyubph W dhwgnygniuubiphup’ 1,8...2,2 wugwd:

4. Lbplwjwgyws bGu  wpwuudhuhwh  owhwgnpdwlwu  hnwwhnyejwu
hwyduplubpu pun woluwwnniuwynieywu gnigwihgubph, npnup h wwppbipnyeniu
wywunwlwu hwoaqwnlwihtu depnnubph huwpwynpnigyniu Gu pudbnnd twuwgdt|
pwpép  wpunwnpnquywunyejudp, wnbuwlwpwp  hgnpnyejwidp,  woluwwmwlpwihu
wpwgnieniutbpny b tjwqugnyu Unyewwnwpniejwdp, wiuhpwdbiom Swnwjniejwu
dwdltnny  odnwd  wpwuuwynpuwiht - dhengubtin, npnup  pnnwpyynd  Gu
quugwdwihtu wpunwnpnipjut wwjdwutbpnt: Ldwt hwodwplubpnud hhduwlwu &
nwnund  wudbpd  wojuwwwuph hwjwlwlywunyzjwu  wuhpwdton  dwlwpnuwyh
wwwhnynwit  pun  wpfuwnniiwynejwu  gnigwuhpubtiph, npnughg  Ywplinpp
Ynuuwmpniyghnt  wmwppbph wdpnginiiu £ Spwiudhupwih hwugnygubph L
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wwwnwufuwtwwnt  dbpbtwdwubph hwdwp unwgyl] Bu - wpnwhwjnnyeniuubp
unpdw| pwotudwt unpdwynpgwsé dniulghwih z, pywuwnhih npnodwi:

5. Cwjpwhbn wuwjdwiubpnud  wpwuuwynpuwiht dhongubiph - woluwwnwuph
hwoywndwdp duwytpwyty Gu hwedupluwiht ufubdwubp tnpwuudhuhwih hwugnyg-
ubiph U Jdbpbuwdwubph wotuwwnniuwynipywu hwwnyy gniguuhoubph’ Ynowniejw,
dwow-, Unnnghw-, obpdw- U pppnwlwintunipiwt gbpwlw  wqnbgnyewu
nbwptipnd: Unwewnpywd hwoywplwiht dbpnnp hunwytgunw b ipwiuwnpuwht
dhongubiph 2whwgnpdwlwu hnwwhnywu guwhwwnwip, htuswbu twb donnd |
dhypnwywinpnwutibph SU-h gpwdhyp b dwnwinipywu dwdybunp:

6. dbppnwddwsé Gu dhypnwyuwnpnwtutipny uywuwpyynn wnwyb| punypwgpw-

Ywu bpeninhubph  unpnyunnipwu b nbhbbwht - wnwuduwhwwnynyesniuubnp,
npnughg nipwpwginiph punhwunip Gplwpnyeniop (£=14,5...25,3 §d) unnpupw-
dwudws b hwdbtdwunwpwp Unyuwwmhy Gphpwswhwluu b gbnnbghwljwt wwpw-
dbwpbpnd  odinjwd  hwwindwdubph (L, =350...12004,n=35): “TFhunwpyws bu
hwuindwdtbph wwpwdbnptph thnthnfungeniiubpp, hnfuwnwpé uwbpp b Yugqddws
E Gpeninhubph  dwpbdwnplwlwtu  dnnbp pwgdwswt - $niulghwh  nbupny:
Unwgyb) 5u upws wwpwdbwnpbph owwhdw) nbgpbuhwih hwjwuwpnwubpp 1-3-
- Jupgh wunpdwuwihu $niulghwubph wbupny, npnug Yhpwndwt nbwypnud
huwpwynp E dpwlt) Gpeninhubph owyunhdw] uywuwpydwu gpubhyubn:
Uowlyty k hwugnygubtiph dbpdtiph nbntlwwndnyginiup b unwgyly Gu dbepdbph
pwofudwl hhunngpwdubpp, pwofudwl funnyuu b hunbgpwwihu $nighwbpp,
npp enyp b gt npngbp hwugnygubph SU-h wwppbpwlwungyeniup (27400...32800
4dy, npp sh gbpwquugnu dbpdbph pnywwnpbh  hwjwiwlwunygywt  uwhdwup
(F=15%):

7. <wogh wnubind wnpwiuynpuwht dhongubph wofuwwnmwupp dhwdwdw-
uwy wgnnn tpynt b wybiih gnpdnuutiph wwjdwuubpnul, wnwownpywd £ hwodun-
Ywihtu ufubidw, oguwgnpsting onnw L Ynnnghnu dhowywipnid wnpwuudhuhwyh
dbptuwdwubph  Ynuuwnpniyghnt ynnuuwnhg wwwmpwundwsd  thnpdwtdnipubipny,
Yuwwwpbp hnquwdwihu thnpdwpynwittp b wpryniipubipny dbwlybpwb] Ynnnghnu
hnquwdwihu gnpdpupwgh dwpebdwwhywlwu dnnbiu pun Ynnnghnt wgnbgniejwu
qnpdwlhgubiph $niulghntiug Yuwbiph:

8. Unwownlynn dbpnnp pny b wwhu N b o -h hpwlwl nphpnypubpnd
Yuwwnwpbp hwdwlwpguwihu ybpnidniggniu W tnwpwplnye gnpdnuutiph wgnbigniejwu
pwuwlwlwu  quwhwwnuiubp, fudpwynpb] npwup, Ywuwd wdpwgunn Jud
Juwunn wgnbgnigjwt wuinhtwuhg: <wodwplwiht wignphpedh dwwskihnginiup L
npwunw Gplswih fuunph ypdwlwgpuwywu dhennutiph Yhpwnnwp htpnwgunud Gu
wdpnijwu L EBplupwlybgniewu Gogppwn  hwoywplubph  Yuwnwpnuip,
ogunwgnnstiiny hnquwdwjhtu nhdwnpnipjut hwywuwlwuwihu gniguwuhubpp:
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YUBYXYAH rPUrOP CYPEHOBUY

OLEHKA W YNYHIUEHWUE HAJEXHOCTU TPAHCMUCCUN

MWUKPOABTOBYCOB
PE3IOME
AKTyanbHOCTb TEeMblI. HapemHocTb obL1LecTBEHHbIX NnaccammpCKmx
aBTOTPAHCMOPTHBIX CPEACTB ABMAETCA BaKHEWLMM MoKasaTeneM WX KavecTBa paboTbl,
obecrneyeHne KoTopoi - 3TO obLierocyfapTCTBEHHaA 3ajava, T.K. HEHafjeMHble

TpaHCNOpTHble CpeAcTBa MOryT CTaTb MNPUYMHON (PUHAHCOBBIX MOTEPb, Yrpo3oi AnA
OKpYatoLL,ell Cpedbl U YEeNoBEYECKOrO 340POBbA.

B papme otpacneii TexHMkM W npou3BoOACTBA, a TaKke TpaHCnopra  ceityac
pa3pabaTbiBalOTCA 1 Pa3sBMBAOTCA OCHOBHble NPOONEMb! 3KCMNyaTaLMOHHOW HagemHOCTH,
CO3AA0TCA HOBblE PacYETHO-MPOEKTHblE MeToAbl C YYETOM MEpPexoia K MacCOBOMY
NPOU3BOACTBY MalUMH W Npoaykumu. [laHHaa npobrnema BaXHO Takke 1A OOGLLECTBEHHbIX
naccaxmpckux aetonepeBosok r. EpesaHa, rpe ux 6onee 40 % ocyuwetcBnatotca
mukpoasTobycammn cemeiictea FA3ESIb (920 wT), koTopble obenyskusator 59 ropopckue
MapLpyTbl. [0A0Bble 3KCNNYaTaLMOHHbIE PacXOfpbl TEKYLLLEro pemMoHTa, OGCTyKMBAHUA U
KOHTPONA COCTOAHWA yKa3aHHbIX TPAHCMOPTHbBIX CPEACTB, B CPEAHEM, COCTABNAKOT OKOMO
6...7 % OT 0bLMX aKCNNyaTaUMOHHBIX PacxofoB W yuuTbiBadA, 4To npumepHo 70 % cpoka
cnysbbl MMKPOABTODYCOB Yyie WUCMONb30BaHO, BamHel 3ajayeil CTaHOBWTCA MOBbILLEHWE
3KCM/TyaTaUMOHHOW  HAJEeMHOCTW KX  Haubonee HarpyMeHHbIX W OTBETCTBEHHbIX
MEXaHU3MOB U Y3/10B TPaHCMUCCHM.

Llenbio  BbIMONHEHHOTO  MCCNEefOBaHUA  ABMAETCA  MOBbLIWEHUE  YPOBHA
BEPOATHOCTU 6e30TKa3zHOW paboTbl M IKCMIyaTaLMOHHOW HAJEKHOCTM MEXaHU3MOB
TPaHCMUCCUM  MMKPOABTOOYCOB, /1A JOCTUKEHWA KOTOPOrO HeoOXOAMMO  peLuuTb
cnepylolive 3ajaun:  aHanuz  paboTbl  MEXaHW3MOB; BblABNEHWE XxapakTepa WX
NoBpeXAEHNIA; KnaccudmKkauma 3TUX  AaHHbIX;  y4eT  penbedHbiX  0cobeHHocTel
MUKPOaBTODOYCHBIX MapLUpyTOB A WX UCMONb30BaHUA B pacyeTax peUMOB HarpyeHus;
pacyeT NPOYHOCTM W JONTOBEYHOCTM YKa3aHHbIX MeXaHU3MOB; pa3paboTKa HOBbIX
pacyeTHbIX METOLUK OLEHKU BEPOATHOCTU He30TKasHol paboTbl.

B nepBoii rnase pJaHbl OCHOBHblE MpPWYMHBI  HU3KOW  3dhcheKTUBHOCTH
NaccamMpcKUx aBTOTPAHCMOPTHBIX cpeAcTe r. EpeBaHa, ocobeHHO MUKpoaBTOOYCOB
cemeiictea [A3EJlb. B pesynbrate wusydeHua wux paboTbl BbIMONHEH aHanu3
3KCMJTyaTaUMOHHbIX 0CODEHHOCTEW W KnaccuhuLMpoBaHbl hakTopbl, AeHCTBYIOLLME Ha UX
HagekHocTb paboTbl. PaspaboTaHbl NPUYUMHHO-CNEACTBEHHbIE CTPYKTYPHbIE CXEMBI,
NO3BONAOLLME BbINONHUTE OLEHKY HAAEMKHOCTW KaMAOro MexaHusma TpaHcmuccuu. 3a
2017-2020 rr. BbINOAHEH aHanM3 TEXHUYECKOTO COCTOAHUA MEXaHU3MOB TpaHcmuccuii 45
MUKpoaBTODYyCOB M cocTaBineHa Tabnmua 520 0TKasoB MX MeXaHU3MOB , Ha OCHOBE
KOTOPbIX paccunTaHbl ypoBHN He30TKasHOol paboTbl MUKPOaBTObYCOB.
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Bo BTOpOIii rNaBe BbINONHEH aHaIM3 NOBPEXAEHNI OTAENBHBIX INEMEHTOB 1 Y3M10B
TPaHCMUCCMU M MOKa3aHo, 4To okono 40% pacxofoB CBA3aHO C BOCCTAHOBNEHWEM WM
3aMeHoOl OTfebHbIX feTaneil MexaHW3MOB, a Haluyue STUX MOBPEMAEHWIH NpUBOANT K
noebllleHnto  pacxopos Tonnmea Ha 15...20%. [aHa knaccucpukauma petaneit
TPAHCMUCCUM MO CPOKY CryObl U NX 3aMeHbl, MPUBOAMUBLLIMX K MPOCTO MUKPOABTOOYCOB.
MokasaHo, 4TO OCHOBHbIM BWAOM MOBPEHKAEHUA B MOABMNKHbLIX — COELMHEHUAX,
MOALLIMMHMKAX W 3aUenneHuax 3ybuaTbix KOMec ABNAETCA YCTANOCTHbIN U3HOC, HO UMEIOTCA
MECTO TaKMe XpyNK1e paspyLUeHUA YKa3aHHbIX 4eTaneil n BaIOB pPasMyHOrO Ha3HaueHuA.
C y4YeTom HeCTalLMOHAPHOTO peMMMa HarpyseHws npencraslieHa pacyeTHaA cxema AnA
onpezeneHna SKBUBANEHTHbIX HaMPAMKEHUI N JONTOBEYHOCTEN, HEOOXOANMBIX ANA OLEHKM
HecyLLieli CNOCOBHOCTM MEXaHU3MOB TPAHCMUCCUM.

TpebTa rnasa nocesAlleHa paspaboTke METOAMKM OLEHKU HafeMHOCTH
TPaHCMUCCUM MO Pa3HbIM KPUTEPUAM PabOTOCMOCOBHOCTU — MPOYHOCTM, MECTKOCTH,
M3HOCO-, Tenno- u BubpocToiikocTu. Hosbllii MeTop, pacueTa OCHOBbIBAETCA Ha MpUHLMNE
cpaBHeHMA pabo4mx U MpefenbHbIX NapaMeTpoB YKasaHHbLIX KpUTepues, BbIGOp KOTOPbIX
OCHOBaH Ha aHanuse paboTOCMOCOOHOrO COCTOAHWA KOHCTPYKTUBHBIX 3/MEMEHTOB U
MEXaHU3MOB. DTO MpeAnonaraeT nNepexos, oT TPAAULMOHHbBIX CXEM pacyeTa Ha MPOYHOCTb
Ha BEPOATHOCTHble MeToAbl pacyeTa HafeHKHOCTM C Y4eTOM PpasHOCTU pabouux u
npefenbHbIX — NapaMeTpoB  paccMaTpUBaemblx — KpuTepueB  paboTocnocobHocTn U
onpefeneHna ypoBHA BEPOATHOCTU HEPa3PyLLEHNA NCCIELYEMOrO 3NeMEHTa KOHCTPYKLMM.
Ha ocHoee HOBOro MeToja MONy4eHbl 3aBUCUMOCTM JJA ONPEfENeHUA KBaHTUNA  Z,
HOPMUPOBaHHOI (PYHKLMM HOPMaJbHOrO pacrpefeneHna Mo KPUTEPUIO MPOYHOCTU AA
3ybuaTbix Nepefay, BanoB U NOALWMMHUKOB, a TakMe PYHKLMN LA OLEHKU BEPOATHOCTY
Hepa3pyLLIEHWUA 3NEMEHTOB KOHCTPYKLMIA MO OcTalbHbIM KpUTEpUAM paboTocnocobHOCTH.

B ueTBepToii rmaBe npeicTaBieHbl aHanu3 W KnaccudbuKkauua penbedHbIx

ocobeHHocTell 5 Hanbonee xapakTepHbIX MUKpoaBTOOYycHbIx MaplipyTos r. EpesaHa u
MoJy4eHbl ONTUMa/IbHble PerpecCUOHHbIe YpaBHEHUA OCHOBHBIX MapLLpPYTHbLIX NapaMeTpos
A MX UCMONb30BaHWMA B BEPOATHOCTHBLIX pacyeTax HapaboTOK MUKpoaBToObYcOB C
ucrnonb3osaHnem YykaszaHHbix 520 0TKa30B 3neMeHTOB  KOHCTpyKUWid. [locTpoeHbl
FUCTOrpamMmbl U Nofy4eHbl 0BOCHOBaHHbIE 3Ha4eHUA HapaboToK.
YunTbiBaA OCOBEHHOCTM 3KCMAyaTauMii MaccaMpCKUX MUKPOaBTOOYCOB B  YCIOBUAX
aTMOCPEPHbIX  BO3JEACTBUI, B HUMHUX OTKbIPTbIX YAaCTAX KOPMYCHbIX JeTaneit
TPaHCMUCCUM  HAHECEHO KOMMO3WTHOE 3alllMTHoe MNOKpblTe Mapku Belzona 1111.
CraHpapTHble XUMUYECKUE WCMbITaHUA MOATBEPAUIN  3PeKTUBHOCTL NPUMEHEHUA
yKa3aHHOro  MOKPbITUA He TONAbKO Ha KOPNyCHbIX [AeTanAXx M TPaHCMUCCUK
MUKpPOaBTODYCOB, HO M Ha Y4acTKax KOHLEHTPATOPOB HaMpsMeHWil BaioB MeXaHW3MOB,
AnA Yero 6binM NpoBejeHbl CpaBHUTENbHblE KOPPO3MOHHO-YCTANOCTHbIE UCMbITaHWUA
CTaNbHbIX 0bpa3LoB.Ha ocHoBe NMpoBefeHHbIX UCTIbITaHMIE NpefJioKeHa MeToauKa pacyeTa
KoaphuLMEHTA KOPPO3NOHHOTO BO3LEWCTBUA B LUMPOKOM [MAanasoHe LKIMYECKUX
ponroseqHocTeit (N=10°...5.10° unknos).

lMpeactaBneHbl obLuve BLIBOAM M PEKOMEHAALMM, @ TaKMe CMMUCOK MeyaTHbIX
paboT aBTOpA.
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GRIGOR SUREN CHIBUKHCHYAN

EVALUATION AND IMPROVEMENT OF TRANSMISSION RELIABILITY OF
MINIBUSES

SUMMARY

Relevance of the subject. The reliability of public passenger vehicles is the most
important indicator of their quality of work, which is a national task, since unreliable
vehicles can cause financial losses, a threat to the environment and human health.

In a number of branches of engineering and production, as well as transport, the
main problems of operational reliability are being elaborated and developed, new
calculation and design methods are being created, taking into account the transition to
mass production of machines and products. This problem is also important for public
passenger transportation in Yerevan, where more then 40% of it is carried out by
minibuses (1120 units) of GAZEL family, which serve 64 city routes. The annual operating
costs of routine repairs, maintenance and condition monitoring of these vehicles on
average amount to about 6...7% of the total operating costs, and given that approximately
70 % of the service life of minibuses has already been used, it is an important task to
increase the operational reliability of their most loaded and responsible mechanisms and
transmission units.

The aim of the study is to increase the probability of failure-free operation and
operational reliability of the transmission mechanisms of the vans for which it is
necessary to solve the following tasks: analysis of mechanism operation; identification of
the nature of their damages; the classification of these data; considering the relief
features of the microbus routes to calculate their loading conditions; the calculation of
the strength and durability of these mechanisms; development of new computational
methods of estimating the probability of their failure-free operation.

Chapter One provides the main reasons for the low efficiency of passenger
vehicles of Yerevan, especially the GAZEL family vans. As a result of studying their
operation, an analysis of operational features is performed and factors affecting their
reliability are classified. The cause-and-effect structural schemes have been developed to
assess the reliability of each transmission mechanism. For 2017-2020, the technical
condition of transmission mechanisms of 45 minibuses is analysed and a table of 520
failures of their mechanisms is compiled based on which the levels of trouble-free
operation of minibuses are calculated.

In Chapter Two, the analysis of damage to individual elements and transmission
components is performed and it has been shown that about 40% of the costs are
associated with the restoration or replacement of individual parts of mechanisms, and the
presence of these damages leads to an increase in fuel consumption by 15...20%. The
classification of transmission parts by service life and their replacement leading to
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downtime of minibuses are given. It has been shown that the main type of damage in
mobile joints, bearings and gears is the fatigue wear, but there are also brittle
destructions of these parts and shafts of various purposes. Taking into account the non-
stationary loading mode, a calculation scheme is presented for determining the
equivalent stresses and durations necessary to assess the load-bearing capacity of
transmission mechanisms.

Chapter Three is devoted to the development of methods for assessing the
reliability of the transmission according to various performance criteria — strength,
stiffness, as well as wear, heat, and vibration resistance. The new calculation method is
based on the principle of comparing the operating and limit parameters of the specified
criteria, the choice of which is based on the analysis of the functional state of structural
elements and mechanisms. This implies a transition from the traditional strength
calculation schemes to the probabilistic methods for calculating the reliability, taking into
account the difference between the operating and limit parameters of the considered
performance criteria and determining the level of probability of non-destruction of the
studied structural element. Based on the new method, dependences are obtained for
determining the quantile z, of the normalized function of the normal distribution
according to the strength criterion for gears, shafts, and bearings, as well as functions
for evaluating the probability of non-destruction of structural elements according to other
performance criteria.

Chapter Four presents an analysis and classification of relief features of the 5
most characteristic minibus routes in Yerevan. Optimal regression equations of the main
route parameters are obtained for their use in probabilistic calculations of minibus
operating times using the specified 520 failures of structural elements. Histograms are
constructed and reasonable values of service life are obtained.

Taking into account the peculiarities of passenger minibuses' operation under
atmospheric conditions, a composite protective coating of the Belzona 1111 brand is
applied in the lower open parts of the transmission body parts. Standard chemical tests
have confirmed the effectiveness of this coating not only on the body parts and
transmission elements of minibuses, but also on the sections of stress concentrators of
the shafts of mechanisms, for which comparative corrosion and fatigue tests of steel
samples have been carried out. Based on the tests performed, a method for calculating
the coefficient of corrosion in a wide range of cyclic durations (N=10°...5.10° cycles) is
proposed.

General conclusions and recommendations, as well as a list of the author's
published works are presented.
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