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Lwfuwpwt

Uippbhwpinunmipyutl pduyh wpnhwlwunygymbp: Utunwnubph wnwwpwgdwu b

hwidwu hwdwp  EGYwpwywu  Eubpghwh  oguwgnpddwt  wnwohu  thnpdbpp
yGpwpbpnuw Gu 19-pn nwpp uygpht: UGnwnubph vnwpwgdwt U hwidwu EjGYunpwlwu
Gnwuwlubptu nubu vpwltwlwih wnwybingenu Ypwywiht Gnwuwyubph hwdbdwn,
pwuh np Ujwgnu Gu Eubpghwh Ynpnwwnubpp W wpuwnpnigjut  pugwuwywt
wanbgnygniup - 2powlw dhgwduyph dpw (wypywd - opquitwlwl - wntihph
wnwuwubiinnwubiph pwgwndwu b gbipunwpwgdwu hotigdwu hwayhtu), nbfuuninghwywu
gnpdpupwgu wybih Ywnwywnbih £, Ywpnn £ |hub] wdunndwnmwgywé b wyju:

Lwjinuh  Gu  dGwnwnubph  fGYunpwlwtu  vwpwgdwtu  wnwppbp  Gnwuwyubp.
nwpwgnw  EiEYunpwywu nhdwnpnyginiund’ ninnuyph b wuninnuyh  gnpdnnnigjwl,
wnbnuwjht mwpwgnud® EEYwnpwlwt wnbnnud obpdnyejwu wugwwndwdp, unyuwbu
ninnwyh L wuninwyh gnpdnnniejwu, hunnyghnt twpwgnud® dawnwnnid hunniygquwd
thnthnfuwlwu hnuwupubph wugnudhg stipdniygjwt wugwwndwdp U w)| tnwuwyubn:

Ubwnwnubpph ElGyunpwunwpwgdwu gnpdpupwgnd wnwyb] jwju twpwoénd Gu
uinwgb] phunniyghnt nwpwgdwt  Gnwuwyubpp UL nbnulwjwupubpp, npnup
ulgpniupnpbt unnpwpwdwuynd Gu Gpynt nwuh.

- pwpdpwhwwuwlwu  nphgbjwiht  wbnulwjwupubp, npnugnud, huswybiu L

wudhowuwbu hwnnpnhs nhgbinud, otpdnieiniut wugwwinynw £ dGunwnnd dwwdwd
dpplywyihtu hnuwuptbiph pwihwugnidhg,
- qwépwhwbwpuwywtu funinwywiht  wnbnuywjwuputp, npnugnwd  9bpdnieyniut

wuowwynd £ nwonnd gunuynn dbnmwnw quugwdénd Yupéd thwywsd quiwpny
wugunn hnuwuph ohdwlwu nwpwgnidhg:

“Hhwiug hwdwwwwnwuluwu wwppbpynud G twl Yuwnnigwdpubpp, utunigdw
ElGYwnpwywu ufubdwubpp, gnpdpupwgh b mbnwlywjwuph junwywpnup b nbfuuhyw-
nuwinbuwlwu gnigwuhgubinp:

dbpoht Gpynt hwpnipwdjwlutiph pupwgpnd dGunwnutiph hwijtgdwu hunnyghnu
nbnwywjwupubpu wupunhww Yuunwpbugnpdynwd BU' pungpybind hgnpnygywu jwju



wppnyp' Jdhwynp  Yhinduwuninbphg  Jdhush  wwutywly  dequdwnnbp,  huy  utdwu
hwwluneyniup' dhusl vwutywly Yhinhtpgbp, pwpbjudynd Gu wnbluuninghwlwu b
wnunbuwwu gnigwupoubipp: Ywnpny wénwd £ gwoép hgnpnygjwt inbnuwjwupubph
wwhwuswpyp, pwpdpwund Gu npwugnd hwibgynn dGunwnubph wujwuwlwpgh L
npwyh Uywwdwdp wywhwuoubipp, fuunnwgynud tu puwwwhwywiuwywl wwhwuoubinp
opowyw  dhowywjpnd  dwpnwdht  pwgwuwlwu - wqnbgnieniutbph  ujwqbigdwu
Uywuwndwdp: dbpohupu nbwpnud Uwwh Gu wnuynd uunn LGYunpwywt gwugnid
pwgwuwlwlu wgnbgnyeniuubpp’ jwpdwu Ynph wnwywnnwubpp b nwnhninppnyenid
(win - pYnwd  twl  poowjht  hGnwfunuwlwwh hwbwjuwlwuwhtu  wnhpnypentd)
pwpépwhwwfuwlwu fuwuqupnudubpn:

LoJwd hwpgbph [nénwip hwinyuwwbu wpnhwlwu £ gwdp hgnpnygjwt’ dh pwup
wnwuljwy Yhnywuinwn, inbnuluwywuputiph hwdwp, husp pwgwunpynud £ hGunlywiny.

- gwdp hgnpnyjwt nbnwywjwupubtipp ytpoht dwdwuwyubipu (wyu mwpwénd Gu
gunbi|, uwluwju pwywpwp swihny Yuwnwnpbjugnpdywsd sbu,

- pbl gwdp hgnpnipywt  nbnulywjwuputpt  nwbu - wbuuhywwnunbuwywu
gnigwuhoubiph wwpq wpwnwhwjnywsd wnwuduwhwwnynieginiuubip, uwlwjt npwug ypw
wwpwdynud Gu hgnp nbnulwjwupubphtu punpny dnintignwdubpt ni inbuuhjwywu
[nwdnwdubipp, husp hpduwynpywéd sk U hwugbigunid £ pwgwuwywu wpnyniuph,

- wyjwunwpwp wnwybnientup wpynid E pwpdpwhwwfuwywu
wnbnwlwjwupubphu, husp hhduwynpywsd sk hwinwwbu gudp hgnpniejwu nbwpnd,

- wpryniuwpbpwywu 50<g hwéwfuniejwl ognwghpddw ounphhy
gwopwhwbwhwwu  nbnwywjwupubpu niubt  uygpniupwiht wnwybinyeyniutbp W
dhwdwdwuwly Yunnigjwdpwihtu punyeh twywu pbtpnyeniuutp, npnup ndjwnpbgunwd
GU npwug Yuunwpbjwgnpdnidp,

- gwdp hgnpnipjwt nbnwywjwuputipt wuhwwnwlwu wpunwnpnyjwu W thnpp
phqutiuh opjtlywnubp GU, npnug wuwmbuwlwu punywagpbpu NGt wnwybwgnyu
Uowlwynieyniu:

Quuwywd Ybpnugjuihtu' dhus wydd gwdp hgnpnipjwu inbnwywjwupubphu puwdwpwnp
nwnpnyeintu sh nwpayb:



SYjw| wotuwwnwupnd hGnwgnundwtu wnwplw E punniudwsé gwdp hgnpnipjwu
wnbnwywjwupubpp® dh pwuph Yhndwwnnhg dhus dh pwup nwutywy  Yhindunn
hgnpnipjwu, bwfuwwnmbuywd thnpp ubiphwlywu b wuhwwnwywu wpunwnpnyjwu hwdwp:
Wnwhuh nbnuywjwuputipp 4bpoht dwdwuwlubpu pwjwywuptu jwju tnwpwdnud Gu
gunbip: Swdp hgnpnypjwt wnbnwywjwupubph Yunnigywdpp b EiGYunpwlwt ufubdwubpp
pwjwywuphu wmwppbpynud Gu hgnp wbnwlwjwupubphg' huswbu npwug wnwownpynn
wbuuhyuwlywu wwhwugubpny, wjuwbu b wbuuhywlwu nwdnwubpny: Puwlwuwpwp
wpnpwlwu Gu twb npwug Yuwnngwdpwiht U upubdwwnbuuhlwlwu nwnwiubph
hwpgtipp, hwoqwplydwtu b hGlwgnundwt dGennubiph dawynwdu nt hhduwynpnidp:

LGppwgnipniput byuwpwlyp.

U Uowytb dGinwnubph hwibgdwt wnbjuuninghwywu pwpép wpryniuwybnnigjudp
gwdn hgnpniejwu EjGYunpwywu nbnwywjwupubip:

U Uowytp W hGwnwgnunb] pwpép nunbuwlwu b gwhwagnpddwt gnigwuhoubinny
gwdn hgnpniejwu funtnwywihtu wnbnwywjwup:

U Uowybp U hGunwgnunb] hGunwgnunigjwu ni hwyjwpydwtu  hwdwwywnwuluwu
dbpnnutp:
LGypwgnypnipquis - putinpptipp: - LoJwd  Uwwwnwyht  hwutbine hwdwp

w2luwwnwupnd wnwownpyb| b ndyb| Gu hbinlyw| fuunppubipp.

U Ubwwnubph hwitigdwu gwdp hgnpnigjwu EGYunpwhunnyghnt inbnwywjwupubipp
50<g hwbwfunypjwdp wpryniuwpbpwwu gwughg wudhowlwl uldwu L
gwopwhwbwhuwlwu  funinwywjhu  wmbnulwjwuph  uyqpniupny  Ywnnigdwt
Uywunwlywhwpdwpnyejwu hhduwynpned:

U Swépwhwbwjuwlwu  funinulwijht  wnbnwywjwuph  Yunngwdéph  dawynud'
pwgwnbny funtnulywjht inbnwlwjwuphtu punpn pbpnyeiniuubpn:

U Swépwhwbwjuwlywu funinwywihu  nbnuywjwuph Jwpbdwunhlwlwu Jdnnbh
dowynud b hGrnwgnunid:

U Swdp hgnpnipgjwu gwopwhwdwhwywl funinuywiht inbnulwjwuph hwodwpyp
dbpnnwpwuntejwt U dpwgph dawynid, npu wwwhnynwd £ pwpép 6ogpnneniu b
hwdwndtipnieiniu hpwywu gnpdpupwgubphu:



U Swdép hgnpnigjwu Yuwwpbjugnpdywsd  gwdpwhwbwhuwwu  funinuywihu
wmbnwlwjwuph thnpdwpwpwlwu udnph wwwpwunnd, npw thnpdwpynd L
hGunwqgnuniejniu:

UWpiuwnpwtiph ghqpwluits unpnypep.

1. Upwyywsd L dbGwmwnubph  hwibgdwu gwdép  hgnpnygjut  inbinuiuwjwuph
unbnddwu hwjtgwlwpgp, nph Engeyniuu £ funinuiught imbuwyh tnbnuwywupubp,
wudhowlwunpbu wprynitwpbpwlwu gwughg EGYunpwutnid, obipdnygjut wugwindwu
hwdwp  JdGnwnh  nne  dwywih  oguwgnpdnd,  wpryniupp'  wnwybjwgnyu
wnuwnpnnuwunye)ntt, hnwwihnentt b pwpép 099

2. Vpwywsd Gu funinwywiht Jwnwpwup Yunngwsdpp (ywonmwwuwsd
gnunh wpunnuwgpny)' dnwnnd hunnlyuinpuh mpwuubnpdwnnph dwquhuwjwph
wnbinwnpdwdp, twownh swthubpp W hwodwpyh dbpnnhlywu:

3. Unwowpyywsés £ funinwlwjhu  nbnulywjwuph  obipdwkGlyunpwywu
gnhpdpupwgutiph nhuwdhy dwebdwunpywywu dnnb), npp huwpwynpnyenitu £ wwihu
wwwhnybi| pupwgnn gnpdpupwght  hwdwwwwwuluwu hwodqupyp b wynndwn
Ywnwywpdwu hwdwlwpgh dowynwip:

4. Uowlywsd £ wnwowpywsd funinuywihu nbnuywjwuph obpdwkGyunpwywu
ghpdpupwgutinh hwowpydwu dbpnn hwdwlwpgswihu Matlab dpwagpwjhtu thwebph
Yphpwndwdp:

Lypwgnipnipguitt opyilpiptiipp: Pnpdwpyndp Ywwwndb) £ 244y hgnpnipjwu

funinuywiht - nbnwywjwuph thnpdwpwpwlwu  udnh Jpw, npntn  hunnywnnpp
dwquhuwjwpp gwuynd £ dGwnwnnw, huy hbGwnwgnungniuubpp Yuwnwpydb) Gu
dowyywsd funinuywihu mbnuywjwuph obpdwkGywmpwlywu gnpdpupwgubph nhuwdhy
dwpbtdwunhlwlwu dnnbh ypw:
LGypwgmipnypyuits dépnnubipt G.
U Uwpbdwwnhywlywu b Shghywlwu dbennubipp, npnup punniwuywsd Gu EiGYunpwywu

U Eltywnpwetipdwihu gnpdpupwgubpnud:
U Lwjwihtu hwowpydwu dbennp, npp hwdwndtp £ hpwlywu gnpdpupwghu:
U Sbnwlwjwuph  thnpdwpwpwlwtu  vdniph  hnpdwplydwt  dGennp,  npp



hwdwwwwwufuwunid £ wnbluuhyuwlwt ywhwugubippu:

Nuopnwwunipwl wnwownpdwd npnypubpp.

U Ubwwnubph hwitigdwt gwdép hgnpnigjuu wnbnuwlwjwuph Yuwunwpbjwgnpdgwd
Ywnnigywdpp:

U bunnyunnph dwqupuwjwpp deunwnnd inbnwnpgwéd b pwpédp wpunwnpnnuywunt-
RwUp funtnuywihtu ninwywjwuph Yunnigywédpp b hwodwpydwu dbpnnp:

U Unwowpywsd funinwwipt  wnbnulywywuph obipdwktyunpwlwu gnpdpupwgh
nhuwdhy dwpbdwunhlwlwu dnnbp:

Whiupwtph Yhpwnwlw iywbwlynysinitip:

1. Vowywd gwopwhwbwhuwlwu funinuywiht nbnwywjwuph Yuwwwpbjugnnd-
qwd Yunnigwédpp, npw ufjubdwunbiuuhywywu nwdnwiubpp, wnbnulwjwuph b hwdwu
wbfuuninghwlwu gnpdpupwgh dowlyywd Jwpebdwnhywlwu dnnbip, hGnwgnunniejwu
L hwodwpydwu dbpnnubpt wwwhnynd G wnwowpyynn wnbnulwjwuph pwpép
wpryntuwybnnieiniu gnpdnn Yuwnnigwdpubiph hwdbdwwn:

2. Ugfuwwnwuph  wpryniuptbpp  hwjwuwnnud Gu dGwnwnubph  hwitigdwu gwép
hgnpniejwu LiGYwnpwhunnyghntu nbinuywjwuputiph Yuwwpdwt huwpwynpnyeyniut ni
Uywwnwwhwpdwpnieiniup guwdpwhwéwfuwlwu (50<g) tuninulwihu nbinwlwjwuph
ulgpniupny wudhowlwu wpryniuwpbpwywu gwughg utdwt nbiwypnid:

3. Unwownyynn wnbhluuhjuywt nwnwubpt ppwlwtuwgywsd Gu nbnuywjwuph
thnpéwpwpwlwu udnh Jypw: UVrwlyywsd dwpbdwinhlulwu dnnbjutpp, htnwgnundwu
nt  hwowplydwtu dbennutipp  Gpwuwygnpynd Gu  gnpdtwlwund  ogquwgnpddwu
hwdwp:

4. Ugjuwuwnwuph wpryntuputipp ubipnpwé Gu «UW/a E. Uwunwywiy, «Uwpgqupjwu
Gnpwjpubp» UNMCL W «Lhyn nwdwu» UNC Yuqgdwlybpwnieginiuubipnud  dGunwnubipp
hwitigdwu hunniyghnt nbnwywjwupubiph dowydwu woluwwnwupubpnuw: Upfuwwnwuph
wpryntupubiph ubpnpdwtu wywnbpp ubpyujwgywsd Gu hwybwdubpnud:

Spwwwpwlymdubpp: Ywnwpwsd hbGnwgnnngeniuutiph hhduwywu npnypubtipu
nL wpryniupubipp qtiynigyt b putwpyyb) Gu <UNL «EGYnmpwiubipgbnhlyw» wdphnup
ubdhuwpubpnud (2015-2017ppR.), «ElGYunpwlwl dapbuwubp b wwwpwunubp» wdphnup
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1.1. bunniyghnt mwpwgnidp b Yhpwndwt ppwquywnubpp

Ubunwnubph wwpwgdwtu b hwjdwu hwdwp EGYunpwlwu Eubpghwih Yhpwnnudp
ujudtp £ XIX nwpnd dwdwuwlwyhg EGYunpwwnbuuhywih hhdp  hwunhuwgnn
pwgwhwjnnuubph wprynupnud [53, 86]: 1831e. Dwpwnbh Ynndhg pwgwhwjnytg
EiGUunpwdwqupuwwt  hunniyghwih optupp: dnynu  hbwmwagnunbg wn  Gplnyph
dwutuwynp  nbwpp'  hnuwuptubpph  hwdwwnwpws pwihwugndp  danwnulwu
dwpdphuubipnwi: Leugp W &nnyp hwuwmwwnbghu, np EGyunpwlwt hnuwuph wugnup
hwnnpnsny nintygynid £ obipdnygjwt wugwinnwing: XIX nwph Ytubphu Uwpuybp
pwgwhwjntg  LGYwpwdwqupuwlywu  nwonp  hpduwlwu  hwjwuwpnuubpp’
Ywnnigbiny dwdwuwlwyhg EGYunpwnphuwdhwih  hwdwlwpgp: XIX nwph  80-
wywuubphu (dndunup pwgwhwjnbg dwybpuniew)hu EdGYnh Gpunyep, pun npp
thnthnfuwlwtu  hnuwuptu wugund £ hwnnpnsh  dwybtipnypny: 1878p. Swpnsynyu
wnwohup gnpduwlwunwd  Yppwnbg wpwuudbnpdwwinpp, npnud oguwgnpdywd |
EiGUunpwdwqupuwywu punnyghwih opbupp: ULd £ hwjnuh ghuntwlwuubph nbpp
ElGUunpwwnbuupywlwu ghinnyejwu wju §jninh qupgugdwu gnpdnid:

Ubwnwnubph wnwpwgdwu b hwjdwu EGYunpwlwt Gnuuwlt niuh dh owpp
wnwybnyeyniuttp hpwjht nmwpwgdwt inwuwyubph hwdtdww, pwuh np wju nbiwypnud
ujwgnud  Gu  Eubpghwih  Ynpnwwnubpp, 2powlw  dhowdwiph Yypw pwguuwlwt
wgnbgnueyniuubpp’ opquiuwlwu Jwnbhph wjpdwu wpryniupnd wpunwubnnwdubph
pwgwndwu b gbipnwpwgdwt thnppugdwt hwoyhu, nbjuuninghwywu gnpdpupwgu
wybh ywnwywnbih £ W wyu [24]:

Ubtitmwnutph EGYunpwunwpwgdwtu gnpdptpwgnd wnwyb| jwju nmwpwdnd Gu
uinwgb] punniyghnt  nwpwgdwt  Gnwuwyubpp UL nbnulwjwupubpp, npnup
uygpniupnpbt unnpwpwdwuynid Bu Gpynt nwup’
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- hunniyghnu  pwpdpwhwbwpiwlwt — iphgbughti  pbnwyuywbptbn  (RPLSS),

npnugnud, huswbiu bwb wudhowuwbiu hwnnpnhs nphgbiinwd, otipdnieinu wugwwnynid k
dawmwnnud dwlwdywsd dppYwihu hnuwupubtiph pwthwugnwhg [11, 12, 14, 60, 71, 73],
pun npnd  wnpgbip dGunwnny wnbnunpwé £ punniyuinph pwpdpwhwéwuwywu
nwaowntd,

- qwépwhwbéwuwywu  funinuywihtt  wnbnulwjwuputp  (8<kuS), npnugnud

oipdnipniut. wugwwnynd £ ohdwlwu wwpwgnuwhg' nwonnd  guuygnn  denwnjw
quuqywdnd upéd hwlywsd quiupny (UYPI) wuglwgynn hnuwuph sunphpy [5, 31, 78,
86, 87], pun npnud YPG-Uu gwdpwhwbwuwlywu hunnyunnpwiht npwuudnpdwinnph
(PS) Bpypnpnwiht thwenyRu £

Wu nwuwlwpgnuip wywjdwuwywu E, pwuh np Gpptdu hwunpwnd Gu huswtu
gwépwhwéwhiwywu  nphgbjwhtu, wjuwbu £ pwpdpwhwéwuwlywu  funinuywhu
wnbnwywjwupubip: Pninp updwodubtiph wfuwwnwupp hphdugwsd £ dGunwnnud hgnpnyejut
hwnnpndwu hunnwyghnu uygpntuph ypw [15, 55, 60, 71, 78]: Uwlwju «inhgbiughu» Yud
«funtnuywjht» uygpniupwihu wnwppbpnieniuubpp nhuwpyynd Gu hunwy b npwup
ulgpniupnpbt tnwippbipgnud Gu pupwgnn gnpdpupwgubpny, Yuwnnigwdpubipny, uudwu
nt Jwnwjwpdwt EGywnpwlywu  upbdwubpnd  (hunnyghnt - inbnwwjwuputipu
pungpynu U hgnpnigjwu jwju whpnye' dhwynp Yhinduwnnbphg dhush nwutywy
dequywwnwnbin, b EiGYwnpwutudwu hwéwlunyeyniup' dhusl tinwutywly Yhinhbpgbp):

Ubwnwnubph hunnityghnu hwpdwt  EGYwnpwlwt Jwnwpwuubph  ufubdwunply
wwuwnybpubpp ubpyujwgywsd Gu uy. 1.1-nw:

funinwywjht Juwnwpwup (uy. 1.1w) jnippunbuwly npwuudbnpdwnnp £ (undnpw-
pwp 50<g hwbwfuniejwdp, npu wudhowwbu uuynwd £ wpryniwpbpwlwu gwughg UL
w2fuwwnnd Yuwpé Jdhwgdwu nbdhdnud): Unwouwihtu thwenypu hunnitywnpu £, huly
Gpypnpnwiht bW dhwdwdwuwly wnpwuudbnpdwinnph pbin dwnwjnud £ hwiywsd dtwnwnp,
npp ginuynud £ hpwlwynwu ujnyehg ywwnpwunmywsd thwy onwluwdl funiquiyned:

Shabijwjhu Jwnwpwup (LY. 1.1p), pun gnpdnnnijwu uyqpniuph, tdwt t onwjhu
wmpwuudbnpdwinnph: Unwouwiht thwenyru hunnityunpu £, tpypnpnwihtu hwenypep L
dhwdwdwuwl pbnp' hwiynn dewnwnu k, npp mbnupwfudwsd £ wnpgbinud® punnyunph
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ubpunud:

i
=
g X { M )
E {..---} _E = - '} _f:
A1 — b [
/ i \ y i
e ’ i \
74 g 5 -
m

LY. 1.1. Ubynwntpph ptunniyghnt hwidwt iGhinpwlwt Junwpwbtbpnh ufubdwiphly

wuiplpblpp. paninuluyht yuwnwpwip (w), hunniyghnt inhqbuyht qunwpwip (p),
I - hunnilyinnp, 2 - hwinyp, 3 - wyniuwwwipdwsd onwlwdl juninuly, 4 - dwqbhuwgwp,

5 - hnwlwynitt inhqlby

Fwg hnphgnuwlwu funinuyny wnwohtu thnpduwlwu hunnyghnt funtnwiwjht
qwnwpwuubpp Yunnigdtp Gu Uughwynud 1887p. dtpwuwmhh Ynndhg: Cytnhwynud
1900p. Ybphup dJowybg U wwwpwuwnbg wnwoht hwdwl pwg funiquyny
wpryniuwpbpwlwu  hunnyghntu  funinuywipt - EiGYunpwywnwpwup: 1916,  Nuwpu
wnwownpybg thwy funinuynd punnyghnt EGYunpwywnwpwup Ywnnigwdpp, npu
wdbtUwwnwpwdywdu k uwb ubipluynidu:

Unwohu hunntyghnu wnhgbjwihtu EGYunpwjwnwpwup wwwnpwuwnb) £ «LnpGug»
$hpdwt 1913p.: Uu wbuwyh wpryniuwpbpwwiu Junwpwt ulygpnd pnnupyb) k
«Uuwpu»  pppdwu  (UUL):  bunniyghnu  wnhgbjwht Jwnwpwuttph  hGunwqu
Ywwnwnpbjwgnpdnuwip dEdwdwuwdp Ywjujwd tp PLSS-h dowldwu hwonnnip)niuhg:

Lbipywynwu hunnwyghnu inphgbijwhu wnbnuywjwupubph vudwu wnpjnipubp Gu
Swnwind  pupdpwhwbwfuwywu  EEYwpwdbjuwuhyuwywu  gbubpwwnnpubpp L
whphunnpuht - Yepwwihnfuhgubipp,  npnup - wpynwpbpwlwu - gwugh  jwpnuwp
Ytpwwihnfunud tu Ywpgqwynpynn pwpdpwhwwfuwlywu jwpdwu: Ujnwhuh hunnyghnu
nhgbjwht  mbnwlwjwupubpu  pungpynd Bu hgnpnuygjwt (wyu - whpnye'  Jdhwynp
YpinJwwnnbphg dhush wnwutyjwly dequywunnbp, b EEYunpwutdwu  hwéwlungyeyniup’
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dhusl tnwutuywy Yhinhbipgtip:

fuU<U-nid - wyinwhuh  Jwnwpwuubp  uyubght  ywwpwuwndb] bwhunpn nwpp
30-wywuubph uyqphtu Unuydwip Eunpwgnpdwpwunwd: <Gunwquind untindytight
hgnp ghunwlwu YLuwmpnuubp (EGYwnpwebpdhy Ywjwuptutph  hwdwdhnyebuwlwu
ghunwhbunwgnunwywu huunhwnnwn, 4L.N. dningnhup wujwu pwpép hwbwlunyejwu
hnuwupubph  hwdwdphnieuwlwu  ghunwhbunwgnunwywu  htunmhwnnun),  npunbin
Ywwwpynuw Gu fGYunpwdwnwpwuubph W hunnyghnu twpwgdwt nbnwwjwupubipp
htiunwagnund b dpwynid:

Ubunwnubpph hwigdwu W tnwpwgdwu hunnyghntu wnbnulwjwupubph huntuuphy
htunwagnunieniu nu Jywynwubp Ywwwpynd Gu wpfuwphph 2w Gpypubipnd: UL
htunwppppniginiu £ ubipyuwywgunud  hunniyghnt Jwnwpwuubiph  Gwhiwgddwtu L
owhwagnpddwu hwdwfuwphwiht hgnp $hpdwubiph thnpép, npnughg Gu. Brown Bovery

und Cie AktiengesellschaftAlphotronic GmbH ABB Process Industries GmbH Giessereien

Umformwerke ABP Induction Systems GmbH wijju:

Unyu woluwwnwupnwd hbinmwgnundwtu wnwplyw £ punniudwé gwop hgnpnipjwt
wnbnwywjwupubpp’® dh pwup Yhindwwnnbphg dhusle dh pwup wnwubjwy Yhindunn
hgnpniejwu, bwfuwwnbuywsd thnpp ubphwwu bW wuhwwnwlwu wpwnwnpnyejwu hwdwp:
Wnwhuh nbnwywjwuputpp ybipoht dwdwuwyubipu jwju nmwpwénd tu qunb): Swon
hgnpnipjwu wnbnwlwjwupubph Yunnigwdpp U fEYunpwywi ufubdwubipp nmwpptpynid
Gu hgnp wbnwlwjwupubphg huswybu wbuthjuwlwu wwhwuoubpny, wjuwbu
wbfuupyuwlwu  nwdnwttpny: <bnbwpwp, wpnpwywu £ gwdp  hgnpnypgjuu
nbnwywjwupubiph Ywnnigywdpwhu L  upbdwunbluuhjuywu [(nwnwiubph
htiinwqgnundp, npnanwdp W hhduwynpnudp, hust £ tndjw] wofuwwnmwuph uwwunwyu k:

Lhnmwgnunywsd tu  hunnyghnu RLSS b 3<uS  wbtuwlyh  nbnulwjwupubph
wmbuwlwu npnyRutipp, Ywnnigywdpubpu nu puniewagpbpp, Ywuwwpjwd L npwig
hwdbtdwunwlwu ybpnwdnyeniu:

Lbpywjwgywséh hhdwtu Jpw Yuwnwpdwsd £ ndjw wouwnmwuph hbnwgnndwu
fuunph wnwownnpnwp:

16



1.2. Ukwmwnubph hwikgdwu hunniyghnu PLSS-ubp

PLSS-ubph  hnuwuph puthwtugdwt  pjunpnipyniip, O%9-t, hqgnpnipjut
gnpdwlyhgp: ElLyunpwpebpdhy wbluuninghwubph  2wppnd  wnwyb]  nmwpwdywdu
hunnwyghnt rnwpwgnudu £ [12, 14, 28, 31, 48, 60, 62, 76, 77, 88]:

Swpwgdwu hunniyghnu dbennp hhduwsd £ hunniyunnphg punniuhsht® deunwnhu,

EiGUunpwkubpghwih hwnnpndwu Jpw: bunnyghnt nnwpwgdwu nbnulwjwupubpnid
EiGUunpwhwnnpndwdp  nwpwgynn dwpdund gbipdnigyniut wugwwnynd £ dpplujhu
hnuwuputipny, npnup hunniygynw Gu npwund thnthnfuwlwu EGYunpwdwquhuwlwu
nwowh dwquhuwywu hnuph thnthnfudwu hGwnbwupny, U npu | wugunw £ vnwpwgynn
opjywh dhond [72, 74, 76]: Pnhnuwywl dwqUhuwlwtu nwownt opjGlunnid
wnwowunw £ thnthnfuwlwt  hnuwuph wnpniphg  hwwnyy  hunnyunnph - dhongny:
hunnwywnpp ubGpywjwgund £ unGunhn, npu pungpynud £ wnhgbind  wnbnunpjwé
hwnn dbGwmwnp: bunnyuinpp, winhgbh ubpund nbnunpwd dbwmwnh hbwn, puwn
Enipywit, ubpyuwjwgunid | wnwug dwquhuwiwph onwihtu wipwuu$npdwwnnp: Cunniupsp'
whqbu E, npwund wnbnunpjwd hwjdwu Gupwlw dbunwnny (dnmwnwlywu pnjwiuw-
nunipn): hunnyunnp pwthwugnn thnihnfuwlwu hnuwtpp, pun  fGYunpwdwquhuwlwu
hunnwyghwjh optuph, dtwnwnnud L whgblh wywwbpptu (hwdwpdnd £, np wnphgbip
wwwpwunwsd E Eynpwhwnnpnhs Uniehg) dwlywénd £ thnihnfjuwlywu  hnuwup:
Uwlwéddwsd hnuwupp, pun 2nny-Lbugh optiuph, dbtwmwnnud L whgblh wwwnbpnw
wuowwnnud £ otipdwjhu tutipghw, npny wnwpwgynid £ dGinwnp: hunnlyghnu tnwpwgnt-
dp punwd £ ninnuyp b wuhwwyy: W eny| £ wiwihu hwutbine pupdp 9Gpdwumnmhéwuh,
husp pwdwpuwp | dGnwnutiph b hwdwanywdpubiph hwitigdwu hwdwp:

hunnwyghntu wnwpwgdwu gnpdpupwgp tywpwgpynud £ EGYunpwdwquhuwlwu
nwowh hhduwywu hwwuwpnuubpny b wnbuwywunpbu  no gnpduwywunptu
pwywlwuhtu jwy £ Jowyyws [54, 73, 78]: Lwjnup nbuwlwu npnypubpp W gnpduwywu
hwoJwpyubipp ubpyuwjwgywsd Gu unnple:

huswtu hwynuph £, hwnnpnsnd thnhnfuwwt hnuwtp  pwithwugbihu
hupupunniyghwjh Gpunyeh hGwnbwupny wnweowund § hnuwuph wuhwyjwuwpwswih
pwatund hwnnpnsh Yupwsépny W hnuwuph funnieyniup npw dwybpunyehu pwpép k,
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pwu hwnnpnsh funppnud: Wu Gpunyep Ynsnwd Gu dwybpnipwihu EbtYwn: Lwup np
hupupunniyghwip  Epnit hwdbdwwnwywu £ dwdwuwyh plpwgpnd  hnuwuph
thnthnfudwtu wpwgniejwup, wwyw nppwt pwpép b hwbwunyeiniup, wjupwu ndbn k
wpunwhwjnynwd  dwlybpunipwiht  EdGYunp:  Uhwdwdwuwly, npw  wnwowgdwl
wunhbwutu wjupwu d&d £, nppwtu Jdtd £ hwnnpnsh 2wnwyhnp: Npwbiu EGYunpulwu
hnuwuph hwnnpnhs dwnwynwd £ wnhgbnud nbnunpjwd dwnwnp (Ywd inpgbith ywunp,
Greb wju ywwnpwunywsd £ hnuwupwhwnnpnhs Uinyehg) [84]:

Uwybpunippwipu  EpGYunp b npw  pwlwywlwl gnigwuhpubpp npnond  Gu
hunniyghnt  twpwgdwu Ywplnp gnigwuhgp’ hnuwuph pwihwugdwl  funpniejniup
(Lfdhu) wmwpwgynn dGunwnnud: <wnnpnsh dwytpunyehg nbwh npw funppp hnuwuph
fuinnijwu thnppwgnuip Yuwnwpynw £ Epuwynubunh optiupny [78]:

o = e’ (1.1)
npinbin Ux-p dwybpunypehg X hbGnwydnpnypjwu Jpw hnuwuph funngniut k, Ge-U'
hwnnpnsh dwybplnypehtu hnuwuph funneniup, et' puwywu |nquphpdh hhdpp, U’
Bpywpnijwt swhnnwywuniejwu npnawyh dtdnieiniu £, npp punypwgpnud £ dGunwnnud
dwquhuwlwu nwownh dwupdwu wunhtwup' npw funppp pwhwugdwu dhongny:

Loqwéd A dtdniygjwup Yngnid tiu Lfu: huswbu hbinlund E (1.1) wpunwhwjnnie)nt-
Uhg, hnuwuph & pwtwugdwl funpnyenut wyu  hbGnwynpnyentut £ hwnnpnsh
dwybtipunyphg, nph ypw quiugywdwihtu hwnnpnsnid EiGYunpwywt hnuwuph funnyeynwup
thnppwiunud | e wugwd' hwdbdwunwd dwytipunyeht hnuwuph funnyejwu htiw:

Cwdwdwyu fYunpwdwquhuwlwu nwonh nbunpyuu’ LGu-u wpnwhwjnynud

hbwnlyw| pwuwauny'
D= |2, (1.2)
w

npunbin ¥-u wunwndwu EGYunpwdwquhuwywt nwonh wulntwiht hwéwlunyegynuu L,
e-u b 3-p' dewnwnp (hwnnpnhsp) punyewagpnn dwquhuwywu pwiwugbhnyginiup W
EiGUunpwhwnnpnwywunyeniup [9, 78]:

LY. 1.2-nud gnigunpywd Gu dGnwnnud hnuwuph funnyejuu hpwlwu Epuwynubu-
wnwiht (w) b ywpdwuwywu punniuwd hwjwuwpwswih (p) pwotunwdubpp a obpuinnid:

18



Muwjdwuwlwu hnuwupwyhp 2tipnh @ hwuwnnyeinup npnaynid £ wjt ywydwuhg,
np  dbwnwnnud  wugwwnynn P7 hgnpniggniup’ hwodwpyjws a@ obpnind  hnuwuph
fuinnipjwt wwjdwuwywt hwjwuwpwswih pwotudwu nbwpnid, ytwunp E hwjwuwp [hup
hpwywu wugwwinynn P hgnpnigjwun: [78]-nwd jwwnwpdwd hwodwplubph hhdwtu Jpw
wwjdwuwywu hnuwupwyhp 26pnh & hwuwnnyeniup wbunp £ punpdh hwjwuwp
hnuwuph pwihwugdwu aefunpnigjwup, npp hwadwpyyndd £ (1.2)-ny, wyupupt'. = o
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LY. 1.2. Utipwnmd hnuwbiph fuipnmipywi ppwlwts bpuwynbbyppught (w) b wuwydwbiwlwb
punnitijwé hwywuwpwswih (p) pwpfunidtbpp & sipgnid

Lbpywjwgywsdhg hbwnlund £, np quugwdwihu hwnnpnsh Yuipdwdpp' ndju
nbwpnud dGinwnh wnhgbinw wnbnunpjwé guuwasl quugqwdn, thnthnfuwlwu hnuwuph
nbwpnw oquwagnpdynd £ ns |phy: Uywhy r(f) nhdwnpniejwu  hwpwpbpnyeniup
thnthnfuwlwu  hnuwuph ohdwlwu r(0) nhdwnpniygjuup hwunwwnniu  dEdnyjwu
hnuwuph nbwpnu' k=r(f)/r(0), Yhuph wjupwu pwpdp, nppwu pwpdp E hnuwuph
hwéwlunyeniup, W nppw UGS £ gquuh tnpwdwghdp:

Mnnuwwh  wnwpwgdwt U otipdwunhbwuh pwpdpwgdwtu nbwpnd  npw
wmbuwlywpwp nhdwnpnyeniup b dwqupuwlwu pwthwugbihniyeiniup thnthnfuynid Gu
[26, 27, 29]: Mnnuwwh hwpwpbpwywt Jdwquhuwlwu pwhwugbhnppuu L
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wmbuwlwpwp nhdwnpnpjwu  Ywfuwdniginiup  obpdwuwmhtwuhg  ubpyuwjugwsd k
uly. 1.3-nui:  Qbpdwuwmhtwuh dhusk 650 ... 700°C  whpnypnd  dwquhuwlwl
pwthwugtihnieiniup eny| £ Ywjujwd otipdwuwnmhtwuhg, nphg hbwnn, otipdwuwmhéwuh
pwpdépwgdwup gqngpupwg wpwag thnppwund £ dwquhuwlwu thnfuwybpwnwdutipp
ytwnwd (Wynippp Ytw), npp hwdwwwwnwufuwund £ 750 ... 770°C, hwuund L
dnnwynpwwbiu  hwjwuwp  Jwyninwdph  Jwquhuwywt  pwihwugbhnypuup’ €
15 ... 800°C 9bipdwuwnhbwuwiht nhpnyend nbuwlywpuwp nhdwnpniginiut wén
dnun 5 wuquwd: Uunthbiinl npw wép nuunwnnd £ U 800 ... 900°C dhowlwjpnid dunid
E hwdwuwp dnn 710°0hd.d: Uwquhuwlwu pwiwugbhnpejwu  dinppugdwu b
wmbuwlwpwp nhdwnpnpjwt  JdGdwgdwu  hGunbwupny  nwpwgdwu  gnpdpupwgnid
fdhu-u wénd £ 8 ... 10 wuqwd: Uwquhuwywu thnfuwlybpwdwt Ybinhg pwpdp
nwpwgywd wynnuuwuwnd <tu-u Ywpnn £ npnadbp (1.2)-nd' punniubind 3 &3 10
°Ohd.d e = 1[75, 84]:
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0 4 8 12 16
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LY. 1.3. Uhoht wéfuwgws wynnuwuipph hwdbdwipwlwt dwqthuwlwt pwihwbgbihnipyuwt b
pnbuwlwpwn nhdwnpnipuwt Yuwpudwénipiniup obpdwuipphbwhg

Qbpdwuwnmhbwuhg Ywiujwd hnuwiuph funnguu  Yuwudwodnigniup pbipdwsd k
uy. 1.4-nd: Uu wwwnlybpwsd £ «ynnpud» gqdh nbupnd' pwnugwd tpuwynubuwnp
Gpynt Yunpubphg, npnughg wnwohup (1) hwdwwwwwufuwund £ wynnuwwuwht'

nwpwgywsd dwquhuwlwl thnfuwybpwnwubiph Yenhg pwpap dhéwlyhu, huly tpypnpnp
(2)' phs wpwgyws, dwquhuwlwu hwwnynyejniuubp Ypnnhu:
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Lfdhu-u Ywplnp wywpwdbGunp £, npnd npnpdnid £ fGYwnpwlywu  hnuwuph
wuhpwdtion hwwfunyeniup, nbnwywjwuph 04%-u b nmwpwgdwu nlinnnyeniup:

0 0.5 1.0

LY. 1.4. <nuwliph fuippnipywl upudwdnipynitip obpdwuiphtwbipg.
T - wnnujuwph gbindwuiphtwl, 1 - Yniphp Yliphg guon, 2 - Yynipph Yliphg pupdp

Lgnpnipjwt hpwlwu  wpdbpp, npu wuowunynwd £ s hwuwnyejudp 2Gpnp
dwybtipnypht, hnuwuph funnyjwu hpwlwu pwotudwu nbwpnid, hwdwdwu uy. 1.1-h,
npnaynud E hGinlyw| wpunwhwjnnyejudp [78].

P, = fp/2e >Parldx = dZarl Ez)e' 20 P = 2 éal [- e2)= O,865H§éal = 0865, (1.3)

Oélzc

npintin  Pat dwybpunypny pwiwugnn U dGunwnh  quugywénd  wuowwnynn
EiGywnpwdwquhuwlwu hgnpnigyniut £, He-U' dwqupuwwt nwownp jwpdwsdnieiniup:
Lgnpnijwt ptpdwsd (1.3) pwuwdlp tpwtwynud £, np hpwlwund seehwuwnnipjwdp
dinwnh  Jdwybpunyewihu  oGpwnnw, npp hwdwuwp £ hnuwuph  pwihwugdwu
funpniejwup, wugwwinynw £ dbwnwn pwhwugwsd |phy hgnpniygjwu 86,5%-p: (1.3)-nwd
uinwgywd 0,865 dtdnieiniup nmwpwgdwu nbuwywu 099%-u k: Ubkunwnh wnwpwgdwt
09S-u niup htinlyw| pwnwnphsubpp.
- obpdwjhu 094" dbunwnh  obpdwuwmhbwup  pwpdpwgdwtu  Ypw  Swluuynn
Eutpnghuwyh hwpwptipnigniup hunniyuinphg wnynn npy Eutinghwht,
- BEywpwlywu  09%  dhwnwnphu wpdwd  Eubpghwih  hwpwpbpngeggniuu |
hunniyinnph inhy Eubipghwiht,
- 1nhY 099 obpdwjhu b EiGYnpwywu 0F-ubph wpunwnpwyu k:
Eywpwywu  09%-u  YwpuJwd £ wwpwgynn dbGwwnh  $hghuywl
hwwnipnitubphg, pypwswihwlwu swihubphg W hunnywnph ujnyehg:
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hunnwywnnph 09S-u nwwh hbunlyw| wpwnwhwjnnyeginiup [72, 74].

b 1 _ 1

= - = : 1.4
) 1+Dfﬂi 1+DJ l 14

D, nj, 3, D, \ nja
npinbn  hwdwwwunwufuwtuwpwp Lywuwljwd Gu. D,D,-p' hunniywnph ubpphtu U
dEnwnwywu guuup wpwdwagdtpp, 74, 7,-p' hunniyuinph hwnnpnwwph b nwpwgynn
dhwnwnh  wbuwlwpwp  nhdwnpngniuubpp, @@, s hunnyuinph hwnnpnwwph
Unpend b wwpwgynn  dewnwnnd - <(Gtu-ubpp, e-U' denwnh  hwpwpbpwlwu
dwquhuwlwu pwthwugbihnyeiniup:

hunnwywnnph 094%-h uwhdwuwjhtu wndtpp npnaynid £ hGinlyw Yepw [78].
1

nn en "
pea 1 +&, 1 P11ty
I Ko AP2l2 (1.5)

npinbn  hwdwwywwnwufuwuwpwn Lpwuwydws Gu. 77,77-n' hunniyninph U wnphgbnwd

wmbnunpwd wnwpwgynn dGwnwnh wwpwdbunpbpp (nphgbijh ubppht wpwdwaghdp),
ry,7,-n" whgbih ynyeh b tnwpwgynn dbnwnh mbuwlwpwp nhdwnpnigyniuubpp, €1,62-
p' whgblh Wneh U wwpwgynn JGnwnh  hwpwpbpwlwu  JugqUuhuwlwu
pwthwugbhnygyniuttpp,  Ks,-Uu' Jdhoquiwpwiht - dEynwwgdwt  hwuwngniup L
hunniywinph  Ynéh  thwenypeh funnejniup  hwodh  wnunn  hunnyunnph  (gdwu
qnpdwlhgp:

Ptpdwd (1.5) wpunwhwjnnie)niuhg htnunwd £, np uwhdwuwihu 0G3-h dtdwgdwu
uwwwwyny hwpdwp £ punniyunpp ywwnpwunbp ng dwgupuwlwu unehg' (€ =1,0)
Ujwquagnyu  nbuwwpwp nhdwnpnyejudp:  bunniyghnu nbnwywjwuph  09%-u
wdpnnontejwdp Yuwuwd £ bwl ubdwu puwpdpwhwéwhuwlwu wnpniph 09%-hg:

Unynpwpwp hunniyghnu wnhgbjwiht Junwpwuutph hwdwp [12, 14] EGYupwlwu
09%-u quuynud £ 0,6 ... 0,8 dhowlwypnid, pun npnud Ytphu uwhdwup yGpwpbpnw
ul dewnwnubph hwitgdwu J6& wnwpnnnuejwdp Junwpwuubphu, ubpphup' gniuwynp
downwnubph  hwibgdwu thnpp  nwpnnnigjudp  Jwnwpwuubppu: Rbpdwhu 049-U'
s = 0,8 ... 0,850 Wuwhuny, hunniyghntu whgbjwiht Junwpwutbph punhwuni
09%-u quuynud £ 0,48 ... 0,68 uwhdwuubpniy:
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«hunnwyunnp-ptin» hwdwYwpgh hgnpnygywu gnpdwyhgp Ywudwsd £ phunniynnph
L  dbwnwnh  dholh  onwjht  pwgwlh  dGdniejnuhg,  wnwpwgynn  dbwwnp
EiGUunpwdhghwlwu hwwnynyenituubphg, hnuwuph hwéwfunyeiniuhg W hunniyunpp
Epypwswithwlyw swihutinhg:

LY. 1.5-nid pbpJwd £ «hunnyunnp-pbiny  hwdwlwpgh hgnpnygjut  gnpdwlygh
Ywhuwdnyejniup  wwpwgynn  dGnwnh  quup R hwpwpbpwlwu  pwnwynhg'
hunniyunph L pbinh  wpwdwgdtiph  Dy/D2 hwpwpbpniygjwtu  wwppbp  wpdbpubph
ntiwpnud (nputiu pwgwlh swihubn) [78]:

cos y

7, |

=10
06—t 2
| L

[———] ’2

02 T
. p— ] --\..‘_ )

0 z2 4 6 & 10 R,

UY. 1.5. «hunniyypnp-pbiny hwdwlwnpgh hqnpnipjwt gnpdwlgh
quwpudwdnipiniip pwguwlp JGSnipinitihg

hunnyghnu  wnhgbjwiht  Junwpwuubph  hgnpnyejwt  gnpdwyhgp gwoép £ L
Ywqunud £ 0,08 ... 0,25: Npn nbwptpnud wju pupdpwgubiint hwdwp ogwnwgnpdnid Gu
Yndwbuuwgunn Ynuntuuwwmnpubip, npnug niwynyeyniutbpp wbwnp £ hwoyh wnub)
owwmhdwjwgdwu hwownpynd: <wdwhuniejwu pwpdpwgdwup gnigpupwg nbGwywnmhy
hgnpnijwu  Yndwbluwgdwu  hgnpnyeyniup b,  hGwnbwpwp,  YnunGUuwwnmnpubiph
niuwynipiniubbpp thnppwunw Gu [14, 71]:

Lwpdwti gnpdptipuigh Jupquiynpnudp: Spbpt nne Ywuywsd Lubpghwu wugwwn-
ynw Lt dGwnwnh oGpunnud, nph hwuwnnyeyniup hwjwuwp £ <fehu-hu: huswbiu wpnbu
ugytip k, ElGYwpwdwquhuwwiu nwonnwd  gunugnn ujngend Lf3u-u hwwnwpé

hwidbdwwnwywu £ hnuwuph hwbwlunyeywup: Eubpghwih wugwwnnwip Ywhudwsd £ wyn
hwéwfunieniuhg, whgbih W hunniywmnph  wnpwdwgdtiph  hwpwpbpwygniejniuhg,
swithubiphg nt wbuwlwpwp nhdwnpnyeiniupg, dbwinwnh dwquhuwywt
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pwthwugbihnientuhg: Ywnwpwuh wdtbwpwpép 099%-u b nwpwgdwu twqugnyu
dwdwuwlyp wbnh nwbu  hwbwfuniggwu b Updwd  wwpwdbwmptph  npnawyh
hwpwpbpwygniejwu nbwpntd:

Cwpdwu b npw  Ywnwlwpdwt wbfuuninghwlwu nbdhdu  wwwhndynd  k
ElGywnpwutdwu wnpnipny’ hwwlunypywu Yepwwihnfusny [10, 13, 46, 47, 51, 59, 83]:
Ybpwwihnfush Gipwjht (wpnwip, hgnpniejniup, huswbu bwl hudGpunnph Yndnwwnwgdwt
Ywynwunyeyniup, npnup npngynd Gu wnpphunnpp hwydwt hwdwp wnwownpywd
dwdwuwyny, fupun Ywiujwsd tu ptinh wwpwdbwpbphg:

Ptnnwd  (JGunwnh  qwugqwénd)  wuowwnywd  hgnpnipjwt  Ywpgqwynpnudu
hpwlwuwgynwd £ Ywd pudGpunph dnunpnd hwuwnwnnu jwpdwu Yuwpgwynpdwdp
Ywd k| hunnwyunnpnw hnuwuph hwéwfunyejuwu Yupgwynpdwdp:

Ppwywund hwitigdwu gnpdpupwgnud EGYunpwywu ywpwdbunptpp thnihnfuynid
Gu L otinynw GU owyunhdwihg: Snpduwlwund 50<g hwbwfunipntut ogunwagnpdynud k
dtd nmwpnnnijwdp nhgbijwht Jwnwpwuubpnud:

Jwnwpwuh nwpnnnigjuu thnppwgning wuhpwdbon hwwfunyeniuu wénd £
wnhqbjwht Juwnwpwutbpnw hwutbing dh pwuh wnwutywy Yhinhtipgtinh:

hunnyunphtu ptipwé pbinh wywhy b nbwynhy nhdwnpniginiututpp (hunntywnnp-
whgb-dbwnwn) qqwih  thnihnfuynd Gu - wnwpwgdwu  gnpdptpwgnid, huswbu twl
Ywfudwsd Gu npgbih ptinudwt wunhtwuhg: <wdwwwnwufuwlwpwn thnthnfuynwd Gu
£fatu-u, hgnpniejniup, hgnpniyejwtu gnpdwyhgp (¢ o pUiOSI-u:

bunniyghnti pwpdpwhwbwpwlwt phgbjuyhti pbnwluywtiph Yuwnnigywdpp:
Cwdwdwyu uy. 1.1p-nw pbpwsd upubdwnply wwwnlybph' dewnwnubph hwitgdwu hunnwy-

ghnu whgbjwjht Junwpwup ubpyuwywgunid £ hwjdwu guuwdsl wnphgb] wwwnpwunydwsd
hpwlwynwu Ujnehg U mbinunpgwd hunniyunpp funnngnid, nph hwnnpnwjwpp dhwgywd
E thnthnfuwlwu hnuwuph wnpnipht: <wpdwt Gupwlw dnwnwlwu pnwfuwnunipnp
ptinudwd £ wnpgbinwd: Shabjwjht Junwpwuh Yunnigwdpp wwwnytpdws £ uy. 1.6-nwd:

UCT wbGuwyh hunniyghnt nbnulwjwuph whgbjwht Jwnwpwuh punhwuneg
wbupp ptipdwé k uy. 1.7-nwd [17, 98]:
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kS

I K reseparopy

e, SRR

V777777777 77 // 7/A
LY. 1.6. Shqbjuwiht yunwpwbh ulgpnitipuyhti unnigywépp.
I- pndwpawntinipn (hwinye), 2 - wihwphps, 3 - htunniyipnp, 4 - hwydwb iphqby,
5 - obipdwdbyniuwgnid, 6 - nwippwnplydwt dSnpwb

Shabiip wwwpwuwnynd  hpwywyniu upnyebiphg' ElGYunpwwuhwnnpn (owdnunn) Yud
ElGywnpwhwnnpnnn (wnnwww,  gpwdhnn Yud  gpudhin-pwdnin): - Shabip wtivnp £
niublw  wwwh huwpwynp tjwqugnyu  hwunnens’ pwpép  EYupuluwu 0%
unwlwnt  hwdwp, pwpép obipdwunphbwuh U dwqwd Jdbluwuhlwlwu ndbipp
wwydwuubpnud wbiwp k |huh dGjuwuhluwbu wdnip:

LY. 1.7. UCT inbuwlyh htunniyghnti innuwluywiiph inhgbjught yunwpwap pinhwanyy pnbupp

ElGywnpwwuhwnnpn  whgbind  hunnyghnt  Jwnwpwutbpnud  pbnp  (dGunwnh
pnjwfuwnunipnp) nwpwgynud £ dGunwnnd hunniyunjwd hnuwupubipny, huYy wnhgbp
hwdwpdtp £ onwht  pwgwyph: EGYywpwhwnnpnnn  whgbind  hunnwyghnu
qwnwpwuubipnud, tpb whgbh ywwnh hwunnegnwp Ypluwyh wuqud gpuquugnd §
whgbh Unyenw  Lfhu-Uu, wuww hunnyundwd  hnuwbpubpp  Yeunpnuwund  Gu
hhduwlwunwd wnhgbih wwwnhtu, npuintin £ wugwwnynid £ otipdnigniup, pbinp tnwpwunwd

25



E dhwyu obipdwhwnnpndwt dwuwwwphny: Shgbih wwwnh thnpp hwuwnnyejuu nbiwpnid
EiGUunpwdwqupuwwt nwownp pwithwugnd £ pbinh dby, L Lubpghwu wugwwnygnd k
huswbu whgbih wwwbphu, wjuwbu £ hbGug pbGnnd: Shgbiu nuph  wpunwpht
obpdwdbtiynuwgnid, npp twjuwwnbudwsd k obipdwjht Ynpnwunubiph tjuqbigdwt hwdwp:

hunnyunpp bwjuwwnbudwsd £ EEYunpwdwquphuwywi nwown unbindtbint hwdwp L
dwlywdénw £ hnuwup dbnwnh pnuiuwnunipnnd (hwnnpnhs whgbih nbwpnd’ twl
whqgbh wwuwht): hunnynnpnd hnuwupubpp thnpp nwpnnniejwdp Jwnwpwuubpnud
hwuunwd Gu dh pwuh hwppnip bW hwqup Udwbp dGénigjwt’ hnuwuph dhohtu fuwnnigjw
dhusl 20 U/? nbwpnd: bunniyunpnud ElYyunpwwu Ynpnwwnubpp  hwuund G
qwnwpwuh ogunwywp hgnpnigjut 20 ... 30%-hu: Unjw E uwl npgbnd hwiynn
dtwnwnh gbipdniejwt Ynpnwun’ npw wwwnh dhony ntiwh 2noww dhowdwyn, htusp ndjuwy
nbwpnwd wwpwgunw E hunnyunnpp: Lodwd obipdwihu Ynpniunubpu wuhpwdbon k
hbnwgub| punniywnphg' npw  wnwpwgnuwhg  funwwihbint  hwdwp:  bunnyunnph
hnjuwgdwu hwdwp ogwnwgnpdynd £ hwnnpnhsubiph 9pwjhtu uwnbtignud: “Hpw hwdwp
hunniynnph hwpenypep ywwpwunynwd £ wynudb utwdby hwnnpnshg, npnd pwg £
pnnuynud uwnbgunn onipp' wwwhnybiny obipdniejwu hinwgnuip:

hunnyghnu PLSS-h Ywnnigwdpwhu ufubdwu pbipdws E uy. 1.8-nud:

e s s e i
| M ho|
Uoowa | " — |
wnmmnl 17 el M SO
| I
M i e s | s, e
Gl -4 bz € 92 L U3

LY. 1.8. bunniyghnt pwpdpwhwdwpiwlwt ipbnuwluwywiph unnigwdpuyhti upulidwt.
<Y - hwbwpwluwbughtr Yapwwithntuhs, N - ninnps, "W - npnuby, b - htudbpipnnp, M<K -
wuwpipuwuwbingequwt hwtgnyg, 4< - junwywnpdwt hwdwlwpg, 82 b 4< - ogbpdwuipphbwuh
swthdwl U upquynpdwt hwdwlwpg, SO - ynwpwgdwl opytiljpn
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Stnwlywjwupp pwnyugwsd £ nphgbihg, npnwd nbnwnpjwsd £ hwitgynn dbunwnh
pnwfuwnunipnp, hunnityinnphg, npu pungpynid £ whqbp, EGYunpwutdwu wnpjniphg,
nph dnunpp Jhwgyws £ wpryniuwpbpwywu gwught, Gpp' hunniynnphu:

EjGYunpwutdwu wnpnipp hwéwfunyejwu wnhphunnpuwiht wd npwughunnpwht
YGpwwihnfuhs £, npnd gwugh 50<g hwbéwfuniejwdp [wpnwp YGpwwihnfuynw §
pwpépwhwiwjuwywu Ywpgwynpynn jwpdwt hunniyunnph uudwt hwdwn [13, 46, 57,
99, 68, 75]:

Ybpwwihnfuhsp Wwwnpwuwnygnud £ dhowtyyw| hwuwnmwwnu hnuwuph  onuyny L
pwnyugwd £ ninnpshg, hunniynpy $hinphg U huybipnnphg: Pwpdpwhwowfuwlwt
hudGpunnpubipp undnpwpwp phpwgnpdynd tu inphpphuwnnputiph ypw  nbgnuwtuwjhu
huyGpunnph ufutidwyny [12, 14, 28, 48, 60, 62, 73, 79]: dbpoht dwdwuwlubpu |wju
wmwpwonw G gk IGBT wnpwughunnputiph ypw Yunnigwd hugbipnnpubipp: Ninnhsp
tnwdwq E, hudbpunnpp' dhwdwq: <uwpwydnp £, np dnunpnd dhwgywd  |hup
wnulywauzhs dhinp: Npubu pwpdpwhwwuwywu EGYunpwutdwu wnpinip Yupnn |
oginwgnpdyt] twl hwwfunyejwu  LGunpwdbptuwjwywu YbGpwwihnfups [56, 61]:
Uwlwju  ubpywnwu  npwug oguwgnpdnup  ywwunbijhnpbt uwhdwlwthhwly |
hwéwfunipjwl Ywpguynpdwu wuhtwphunyejwu Ywd uwhdwuwthwynyejuu, huswbu
twl gwdép 099%-h ywwbwnny (uy. 1.9) [78]:

7, Yo

44 -
2
80

70 |-

00 1
50 |-

I 1 | 1
025 G50 075 1,0
PPy

UY. 1.9. <wbwpunipywt depGhuywlwt (1) b utpupphly (2) Lepwwihnfuhstiinh O%-utinp

bunniyghnti PLSS-ubiph puniypwagpbpp: Swdp W dhoht hgnpnygjwt pwpdpwhw-
Swjuwlwu punniyghnt  Jwnwpwuubph hhduwywu  punpwgpbpp pipjwd  Gu
wnA 1.1 - 1.3-nwd [25, 41, 44, 60, 69]: hunnyghnt whgbjwpht Junwpwuubipu
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hpwagnpdynwd Gu hunnyuinpnud hnuwuph wwppbp hwdwfunyeyniuubph hwdwn. gudp'
wpryniuwpbpwlwu 50<g, dhopt' 0,5 ... 104<g L pwpép' > 4404<g [45]: Ywnwpwuh
wmwpnnniginiup - b hgnpneyntup thnppwigttiihu - ElGYwnpwutdwu  hwéwlunyeinup
pwpdpwuntd k:

Lwjinth U wnphphunnpwiht b wpwughunnpwihtu YGpwwihnfuhsubiph  nwpptip
wnbuwlutp pwpdpwhwbéwuwlywu hunniyghnu Junwpwuubph ubdwu, ul W gniuwynp
dawmwnubph hwitgdwu hwdwp [17, 20, 58, 96, 97, 98]:

Unyniuwly 1.1
UMK dwlthph dhoht hgnpnipywt pwpdpwhwbwpiwlwl hbnniyghnt yunwpwubitinh hhdtwlwb
punipwagnbpp ult U gnibiwynp daypwintinh hwybgdwb nbupnid

Swpnnnt- Upwwnpnnw- | EGYunpwEubp-
£gnpnientup,
Uudwunudp Uwluhop pInLup, 4 Ywunipyniup, | ghwjh dwfuup,
n i y/d Ldid/ip
Ul UrK-cT-0,1 0,1 100 0,11-0,18 900 - 775
dGwnwnubiph | UIMK-CT-0,15 0,15 100 0,10 - 0,20 900 - 775
hwntd
WIK-CT1-0,2 0,25 160 0,19-0,37 820 - 640
(Wnnwjwin)
Snwwwynp | UMK-ME-0,18 0,18 100 0,17 560
dGunwnubiph | WMK-ME-0,30 0,30 160 0,30 540
hwnid
WIK-ME-0,60 0,60 250 0,48 520
(wnhua)
UTK-A71-0,05 0,05 50 0,07 670
Uynwihup
UTK-ATI-0,08 0,08 50 0,07 670
hwnwd
WUTMK-AJI-0,15 0,15 100 0,15 665

Fwpdpwhwwfuwlywu hunnyghnt nbnwywjwuph wnwybnieniuubpu Gu.

1. Pwpép inbuwlwpwn hgnpniejwu hGunlwupny pwnan

wpunwnpnnwlywuntejniun:

2. Shgtijhg hwiynn dbwwnh |phy hwinyph nwunwpydwu huwpwynpnyeniup b
wpwg wugnip hwynn dewnwnh dh wnbuwyhg' djnwipu:

3. Shgtinud  hwinyph huwnbuuhy LGYwnpwnhuwdhly 2powlwnnyenup, husu
wwwhnynwd £ dwup pnjwjuwnunipnh wpwg  hwind, wnphgbih nne  dwywiny
ostipdwuwnhtwuh hwywuwpbtignud b dhwubin pwgqiwpwnwnphs hwinyph unwgnid:
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4. Pupdp 099-u' hpwjht U biEyunpwwnbnuwiht Junwpwuubph hwdbdwwn:

Fwpdphwbwfuwlwu hunniyghntu wnbnulwjwuph pGpnyeniuttpu Gu.

1. hunniyunnpnud hnuwuph pwpép hwwfunyeniup, husp hwnlwwbiu punpny k
gwdn hgnpnipjw wbnuwjwupubphu: Shgbih dwywh L hgnpnigjwu thnppwgdwt
dhongny hnuwuph hwéwfunyeniup wbwp £ pwpdpwuw’ punhnwy dhusl tnwutjwy b
hwpjnipwynp §<g:

2. Stnwywjwupnud PLY-h ogquwgnpddwt wuhpwdbownieniup, husp qqwihnptu
pwpdpwgunwd £ inbnulwywuph ghup b quugywdwswihuwihu gnigwuhoubipp:

3. PLSS-ubpp  Yphwphywywu Gu  gbppbnudwu L ulnn  gwugh
wmwwwunwubph bYwundwdp, hush hGnbwupnd uwhdwuwdthwlynwd £ hudGpunnpuwihu

[wpdw

YGpwwihnfuhsubiph Yndnwnwgdwu Yuyniunyejniup:

Unyniuwly 1.2

UCT dwliuhph dhohti hgnpnugywti itnhppunnpuyhts Yepnwwihnfuhsny pwpdpwhwéwpiwlut
hunniyghnti qunwpwbtliph hhdbwywb punypwagntinp ull b gmbwynp daypwnubiph hwibgdwt

nbwpnid

Shgbih | Yapwwihnfugh | <w6wfunt- 2nh | EYwpuwkubn-

Uwluhop tnwpnnnt- hgnpnip)niup, pInLun, dwfuup, ghwjh dwfuup,
pynLUp, 1 Y 4<g F/d Ydind/ip

ncrT-0,06 0,06 100 2,4 3,9 17100
ncrT-0,16 0,16 160 2,4 5,1 885
ncr-0,25 0,25 320 1,0 7,8 780
ncr-0,4 0,4 320 1,0 10,0 690
ncrT-1,0 1,0 500 1,0 11,0 620

4. Pwundp hwwfuniejwu oginwgnpddwt hbin Yuwywsd wuhpwdtion £ wuwywhnybi
hunniyunnh thwpenyeh deynwwgduwt |INGEG_.

hwdwp, gwdp wnbuwlwpwn

’

hnuwupubiph

L 2powljw

W
dwnwnh hwjdwu ntwpnid 0G3-u gwdn

Gu, funtnwiwyhu

dunwnwywu -

9]:
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