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LPFGDlaZCEXZGMt

hgQEz, I ZPNxB xgbY zP YHXQYEE OU oQKzgzNBY zP OU KBJgEPQ, iQPy. iKEuKx hYxrYQ, yPQ
Kxx SgE SYxX KpB oNgBKpuY SY SKE ogJYp OY KE ZYxx KE yPQ zSY OKpU ESKQYB EXPQzgpo
KuzgJgzgYE BNQgpo OU iS.L. EzNBgYE. iKEuKx SKE rYYp K uPpzgpNPNE EPNQuY Py gBYKE KpB
OPzgJKzgPp gp zSgE zSYEgE.

I ZPNxB xgbY zP YHXQYEE OU zSKpbE zP iQPy. iYzYQ wQPXy, iQPy. GKuSgB fYQ-
QKPNg, iQPy. qYpPîz fKQrgpKzP, KpB LQ. aKxYQgP RuSgKJPpg yPQ rYgpo XKQz Py zSY
nNQU KpB yPQ zSY zgOY KpB YpYQoU zSKz zSYU BYBguKzYB zP YJKxNKzY zSgE iSL BgEEYQzKzgPp.

I EgpuYQYxU zSKpb OU yQgYpBE ZSP YHzYpEgJYxU QYKB OU zSYEgE BNQgpo zSY JKQgPNE EzYXE
Py zSY ZQgzgpo XQPuYEE: FKBK FKng, aKxYQgP RuSgKJPpg, KpB sKQPExKJ TKUBNb.

I ZPNxB KxEP xgbY zP zSKpb AKQuYxP iKEgp, TNoNYE AYQugYQ, MzgYppY GgJgèQY, KpB
MOKpNYx tpguK yPQ PNQ yQNgzyNx uPxxKrPQKzgPp KpB Kxx zSY pguY OPOYpzE EXYpz zPoYzSYQ.

RXYugKx zSKpbE zP OU yQgYpBE Kz zSY IpEzgzNzY, LPQgKp, AKQgK, AKEuSK, TYJYQEPp,
cPQYpvP, cNuKE, AgQuP, iKzQgub, KpB GKvgYx yPQ zSYgQ SNOPQ KpB oQYKz BgEuNEEgPpE.

tzSYQ EXYugKx zSKpbE oP zP cKZUYQ fYPQoYE RuSKxxYQ, yPQOYQ iQYEgBYpz Py zSY
qKQ WEEPugKzgPp Py zSY RzKzY Py FYNuSâzYx, yPQ XNzzgpo zQYOYpBPNE XQYEENQY XTa

hjBWkmrRhvhjU gp zSY ZQgzgpo XQPuYEE Py zSgE zSYEgE.

VSgE zSYEgE gE BYBguKzYB zP OU yKOgxU ZSP SKE ogJYp OY NpuPpBgzgPpKx xPJY KpB ENXXPQz
gp zSY XQPuYEE Py OU EzNBgYE. VSY ZPQb I SKJY KuuPOXxgESYB ZPNxB pPz SKJY rYYp
XPEEgrxY ZgzSPNz zSYgQ xPJY.
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LItMziPM

iNrxgES/ENrEuQgrY gE K XPXNxKQ OYEEKogpo XKzzYQp zSKz XQPJgBYE YffiugYpz KpB BYuPNXxYB
gpyPQOKzgPp BgEEYOgpKzgPp gp BgEzQgrNzYB YpJgQPpOYpzE. iNrxgESYQE oYpYQKzY K flPZ Py
gpyPQOKzgPp KE XNrxguKzgPpE, ZSguS KQY QPNzYB zP ENrEuQgrYQE rKEYB Pp zSYgQ gpzYQYEzE
YHXQYEEYB KE ENrEuQgXzgPpE.
AKzuSgpo YJYpzE KoKgpEz fixzYQE SKE K pPp-pYoxgogrxY XQPuYEEgpo uPEz. tNQ fiQEz uPpzQgrN-
zgPp ZgzSgp zSgE zSYEgE gE zSY BYEgop KpB zSY KpKxUEgE Py K oYpYQgu, OPBNxKQ KpB EuKxKrxY
gpyQKEzQNuzNQY yPQ ENXXPQzgpo SgoS-XYQyPQOKpuY uPpzYpz-rKEYB XNrxgES/ENrEuQgrY.
iNr/ENr EUEzYOE ONEz XQPJgBY SgoS zSQPNoSXNz, fixzYQgpo zSPNEKpBE Py XNrxguKzgPpE
XYQ EYuPpB OKzuSYB KoKgpEz SNpBQYBE Py zSPNEKpBE Py QYogEzYQYB ENrEuQgXzgPpE ZgzS
xPZ KpB XQYBguzKrxY BYxKUE, KpB ONEz EuKxY SPQgvPpzKxxU KpB JYQzguKxxU. WE xKQoY-
EuKxY KXXxguKzgPp uPOXPEgzgPp OKU QYjNgQY uPOXxYH XNrxguKzgPpE KpB ENrEuQgXzgPpE
QYXQYEYpzKzgPpE, XNr/ENr EUEzYO BYEgopE ESPNxB pPz QYxU Pp zSY EXYugfiu uSKQKuzYQgEzguE
Py K XKQzguNxKQ fixzYQgpo EuSYOY yPQ gOXxYOYpzgpo EuKxKrgxgzU. VSY EYuPpB uPpzQgrNzgPp
Py zSgE zSYEgE gE zSY BYEgop KpB zSY gOXxYOYpzKzgPp Py K pPJYx KpB XQKoOKzgu zgYQYB
KXXQPKuS, rRdcpNkaQ, zSKz PffYQE SgoS-zSQPNoSXNz KpB EuKxKrgxgzU. eY BgJgBY zSY
ZSPxY XQPuYEE gp zSY zSQYY PXYQKzgPpE gpJPxJYB gp XNr/ENr KpB xYJYQKoY zSYgQ pKzNQKx
XPzYpzgKx yPQ XKQKxxYxgvKzgPp.
Ip OKpU QYKx-ZPQxB EuYpKQgg, zSY KOPNpz Py EzPQYB ENrEuQgXzgPpE KpB zSY gpuPOgpo
XNrxguKzgPpE QKzYE JKQgYE PJYQ zgOY, KpB EgOgxKQxU zSYgQ xgpbYB uPOXNzKzgPpKx uPEz.
eY XQPXPEY c-rRdcpNkaQ, Kp YxKEzgu uPpzYpz-rKEYB XNr/ENr EUEzYO. VSY zSgQB
uPpzQgrNzgPp Py zSgE zSYEgE gpuxNBYE: (1) K OYuSKpgEO yPQ EuKxgpo rPzS PNz KpB gp,
Py EzKzYyNx KpB EzKzYxYEE XNr/ENr PXYQKzPQE, (2) K xPuKx KpB oxPrKx YxKEzgugzU XPxguU
YpyPQuYQ OKgpzKgpE SgoS EUEzYO NzgxgvKzgPp KpB EzKrxY YpB-zP-YpB xKzYpugYE KpB (3) Kp
YJKxNKzgPp NEgpo QYKx-ZPQxB ZPQbxPKB yQPO zSY hQKpbyNQz RzPub MHuSKpoY.
cKEzxU, ZY yPuNE Pp K BPOKgp-EXYugfiu KXXxguKzgPp yQPO zSY fipKpugKx fiYxB, ZSYQY K BKzK
EzQNuzNQY, pKOYB KE PQBYQ rPPb, gE NEYB zP EzPQY KpB OKzuS PQBYQE yQPO rNUYQE KpB
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LItMziPM

EYxxYQE KQQgJgpo Kz K SgoS XKuY. VSgE KXXxguKzgPp SKE gpzYQYEzgpo uSKQKuzYQgEzguE KE gz
YHSgrgzE EPOY uxYKQ XPzYpzgKx yPQ XKQKxxYxgEO, rNz Kz zSY EKOY zgOY gz gE QYxKzgJYxU uPO-
XxYH KpB ONEz OYYz EPOY EzQguz oNKQKpzYYE (pPzKrxU Z.Q.z zSY PQBYQgpo Py PXYQKzgPpE).
Ip zSgE xKEz uPpzQgrNzgPp, ZY XQPXPEY EYJYQKx KXXQPKuSYE yPQ gpzQPBNugpo uPpuNQQYpuU
gp zSY ESKQYB BKzK EzQNuzNQY, gp gpuQYKEgpo zSY PQBYQ Py EPXSgEzguKzgPp EzKQzgpo yQPO
xPub-rKEYB zYuSpgjNY zP XKQzgKxxU xPub-yQYY BYEgopE. DPQPxxKQU ZY XQPXPEY K ZPQbxPKB
oYpYQKzPQ yPQ uPpEzQNuzgpo SgEzPQgYE KuuPQBgpo zP QYKxgEzgu OPBYxE yQPO zSY fipKpugKx
BPOKgp.

qZulDzCt: XNrxgES/ENrEuQgrY, uxPNB, EuKxKrgxgzU, YxKEzgugzU, PQBYQ rPPb, uPpuNQQYpuU
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AétmXé

cY EUEzèOY XNr/ENr rKEé ENQ xY uPpzYpN YEz Np uKpBgBKz gBéKx XPNQ uPpuQézgEYQ xK
uPOONpguKzgPp B’KXXxguKzgPpE à oQKpBY-éuSYxxY. Ix XYQOYz BY BéuPNXxYQ xYE XQPBNuzYNQE
BY OYEEKoYE (XNrxgESYQE) BYE uPpEPOOKzYNQE (ENrEuQgrYQE), jNg uPOONpgjNYpz KxPQE BY
OKpgèQY gpBgQYuzY. cYE XQPBNuzYNQE oépèQYpz Np flNH B’gpyPQOKzgPpE (XNrxguKzgPpE) jNg
EPpz KuSYOgpéYE JYQE xYE KrPppéE Yp yPpuzgPp BYE xYNQE gpzéQêzE (YHXQgOéE KN zQKJYQE
B’KrPppYOYpzE).
cY fixzQKoY BYE OYEEKoYE K Np uPûz BY zQKgzYOYpz pPp-péoxgogrxY. cK XQYOgèQY uPpzQg-
rNzgPp BKpE uYzzY zSèEY YEz xK uPpuYXzgPp Yz x’KpKxUEY B’NpY gpyQKEzQNuzNQY oépéQgjNY,
OPBNxKgQY Yz ENXXPQzKpz xY XKEEKoY à x’éuSYxxY XYQOYzzKpz B’KJPgQ Np EUEzèOY XNr/ENr
rKEé ENQ xY uPpzYpN à SKNzY XYQyPQOKpuY.
LY zYxE EUEzèOYE XNr/ENr BPgJYpz yPNQpgQ Np Bérgz zQèE éxYJé, Yp fixzQKpz BYE OgxxgYQE
BY XNrxguKzgPpE yKuY à BYE uYpzKgpYE BY OgxxgYQE B’KrPppYOYpzE zPNz Yp oKQKpzgEEKpz
NpY yKgrxY xKzYpuY KgpEg jN’Np XKEEKoY à x’éuSYxxY SPQgvPpzKx Yz JYQzguKx. cK uPOXPEgzgPp
B’KXXxguKzgPpE à oQKpBY-éuSYxxY XYNz péuYEEgzYQ BYE yPQOYE uPOXxYHYE BY XNrxguKzgPpE
Yz B’KrPppYOYpzE, xK uPpuYXzgPp B’Np EUEzèOY XNr/ENr pY BPgz XKE BéXYpBQY BYE
uKQKuzéQgEzgjNYE BY fixzQKoY XKQzguNxgèQYE XPNQ OYzzQY Yp œNJQY xY XKEEKoY à x’éuSYxxY.
cK EYuPpBY uPpzQgrNzgPp BY uYzzY zSèEY YEz xK uPpuYXzgPp Yz xK OgEY Yp œNJQY BY
rRdcpNkaQ, NpY KXXQPuSY à XxNEgYNQE pgJYKNH gppPJKpzY Yz XQKoOKzgjNY PffQKpz
NpY SKNzY XYQyPQOKpuY KgpEg jN’Np XKEEKoY à x’éuSYxxY. FPNE EéXKQPpE x’YpEYOrxY
BN XQPuYEENE Yp zQPgE PXéQKzgPpE Yz zgQPpE KJKpzKoY BY xYNQ XPzYpzgYx pKzNQYx BY
XKQKxxéxgEKzgPp.
LKpE xYE EuépKQgg BN OPpBY QéYx, xK jNKpzgzé B’KrPppYOYpzE KgpEg jNY xY Bérgz BY
XNrxguKzgPpE JKQgY KN uPNQE BN zYOXE Yz XKQ uPpEéjNYpz xYE uPûzE BY zQKgzYOYpz U
ézKpz xgéE. cK zQPgEgèOY uPpzQgrNzgPp BY uYzzY zSèEY YEz c-rRdcpNkaQ, Np EUEzèOY
XNr/ENr éxKEzgjNY. cK zQPgEgèOY uPpzQgrNzgPp BY uYzzY zSèEY uPpzgYpz : (1) Np OéuKpgEOY
XYQOYzzKpz xK QéBNuzgPp/KNoOYpzKzgPp BYE QYEEPNQuYE NzgxgEéYE, (2) Np EUEzèOY oxPrKx
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AétmXé

Yz xPuKx B’KXXxguKzgPp BY XPxguYE B’NzgxgEKzgPp OKgpzYpKpz Np NEKoY éxYJé BN EUEzèOY
KgpEg jNY BYE xKzYpuYE EzKrxYE Yz (3) NpY éJKxNKzgPp yKgzY KJYu BYE BPppéYE QéYxxYE
XQPJYpKpz BY xK rPNQEY BY hQKpuyPQz.
cK jNKzQgèOY uPpzQgrNzgPp EY uPpuYpzQY ENQ NpY KXXxguKzgPp EXéugfijNY BN OPpBY BY xK
fipKpuY, BKpE xKjNYxxY, NpY EzQNuzNQY BY BPppéY pPOOéY uKQpYz B’PQBQYE, YEz NzgxgEéY
XPNQ uPpzYpgQ Yz OYzzQY Yp uPQQYEXPpBKpuY xYE PQBQYE B’KuSKzE Yz BY JYpzYE KQQgJKpz à
NpY QUzSOY EPNzYpN. DYzzY BYQpgèQY K BYE XQPXQgézéE gpzéQYEEKpzYE OYzzKpz Yp éJgBYpuY
Np oQKpB XPzYpzgYx BY XKQKxxéxgEKzgPp OKgE YEz KNEEg QYxKzgJYOYpz uPOXxYHY Yz QYjNgYQz
xY QYEXYuz BY uYQzKgpYE oKQKpzgYE (pPzKOOYpz Yp QKXXPQz à x’PQBQY BYE PXéQKzgPpE).
FPNE XQPXPEPpE BY pPOrQYNEYE KXXQPuSYE XPNQ zgQYQ XQPfiz BY xK uPpuNQQYpuY BKpE NpY
EzQNuzNQY BY BPppéY XKQzKoéY, Yp KNoOYpzKpz xY pgJYKN BY EPXSgEzguKzgPp Yp XKQzKpz BY
EPxNzgPpE rKEéYE ENQ BYE JYQQPNE nNEjN’à BYE uPpuYXzgPpE XKQzgYxxYOYpz EKpE JYQQPNgxxKoY.
DPOOY uPQPxxKgQY, pPNE XQPXPEPpE Np oépéQKzYNQ BY BPppéYE SgEzPQgjNYE EUpzSézgjNYE
ENgJKpz BYE OPBèxYE QéKxgEzYE JYpKpz BY x’éuPpPXSUEgjNY.

xDM-Paét : XNrxgES/ENrEuQgrY, gpyPQOKzgjNY Yp pNKoY, XKEEKoY à x’éuSYxxY, éxKEzgugzé,
uKQpYz B’PQBQYE, XQPoQKOOKzgPp uPpuNQQYpzY

HHJg



"pN SNvNSPjé I’PTNuPQVn Vyj

viLy NvNPyNQjV FLV iN XPV ViiV-TêTV..."

VKSKQ qYp dYxxPNp

1
UGMzDCmPMQDG

1.1 ODGMZhM

1.1.1 RmIaQtW/omItPzQIZ

iNrxgES/ENrEuQgrY, PyzYp pKOYB KE XNr/ENr, gE K OYEEKogpo XKzzYQp ZSYQY
EYpBYQE/XNrxgESYQE BP pPz XQPoQKO YHXxgugzxU pYgzSYQ EXYugyU zP ZSguS QY-
uYgJYQE/ENrEuQgrYQE zSY OYEEKoYE KQY ENXXPEYB zP rY BYxgJYQYB. tp zSY PzSYQ
YpB, ENrEuQgrYQE PpxU YHXQYEE gpzYQYEz NEgpo ENrEuQgXzgPpE KpB PpxU QYuYgJY zSY
OYEEKoYE zSKz KQY Py gpzYQYEz [41] (gxxxNEzQKzYB gp hgoNQY 1.1).
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hgoNQY 1.1 – W XNrxgES/ENrEuQgrY YpogpY.
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OWiHMZz 1. UGMzDCmPMQDG

sDHQP-TitZC

Ip zPXgu-rKEYB XNrxgES/ENrEuQgrY [19], ENrEuQgrYQE QYogEzYQ zP K EYz Py zPXguE (KxEP
QYyYQQYB zP KE uSKppYxE PQ ENrnYuzE). MKuS XNrxguKzgPp EYpz zP zSY EUEzYO gE zKooYB
ZgzS K EXYugfiu zPXgu KpB zSYp BYxgJYQYB zP Kxx ENrEuQgrYQE ZSP QYogEzYQYB zP zSKz zPXgu.
VSY zPXgu-rKEYB XNrxgES/ENrEuQgrY XKzzYQp gE ZgBYxU NEYB, KpB zSYQY KQY XxYpzU Py yKEz
gOXxYOYpzKzgPpE zSKz KQY rKEguKxxU xPPbgpo NX, yPQ YKuS gpuPOgpo OYEEKoY zSKz SKE
K ogJYp zPXgu, ZSguS KQY zSY gpzYQYEzYB ENrEuQgrYQE KpB zSYp BYxgJYQgpo zSKz OYEEKoY
zP Kxx Py zSYO. VSY OKgp BPZpEgBY Py zPXgu-rKEYB XNrxgES/ENrEuQgrY gE gzE xKub Py
YHXQYEEgJYpYEE KpB flYHgrgxgzU.
MHKOXxYE Py zPXgu-rKEYB XNrxgES/ENrEuQgrY EUEzYOE gpuxNBY gqNE [3], RDGIqM [28] KpB
qKUYNH [120].
RYJYQKx gOXxYOYpzKzgPpE Py zPXgu-rKEYB XNrxgES/ENrEuQgrY KQY NEYB ZgzSgp zSY gpBNEzQU:
Riio 1/OaDmC-TitZC: AKnPQ uxPNB uPOXNzgpo EYQJguYE XQPJgBY EuKxKrxY zPXgu-rKEYB
XNrxgES/ENrEuQgrY: fPPoxY DxPNB iNr/RNr 2, WOKvPp RgOXxY FPzgfiuKzgPp RYQJguY, 3

KpB AguQPEPyz WvNQY RYQJguY qNE. 4

dQIzizQZt: øAC XQPJgBYE KOPpo PzSYQE Kp gOXxYOYpzKzgPp Py zPXgu-rKEYB XNr-
xgES/ENrEuQgrY. 5

TzDFZzt: VSY dKJK AYEEKoY RYQJguY EXYugfiuKzgPp (dAR) [38] gpuxNBYE zPXgu-rKEYB
XNrxgES/ENrEuQgrY. qQPbYQ KQY EzKpBKxPpY KXXxguKzgPpE, KpB zSYU QYjNgQY zSY NEY Py
BYBguKzYB uPppYuzPQE zSKz gOXxYOYpzE zSY dAR EXYugfiuKzgPpE. VSgE KBBE KpPzSYQ xYJYx
Py BYuPNXxgpo EgpuY KXXxguKzgPpE NEgpo dAR KQY pPz ENXXPEYB zP SKJY KpU BYXYpBYpuU
KoKgpEz K EXYugfiu gOXxYOYpzKzgPp. VSY uPppYuzPQ uKp rY EYxYuzYB Kz QNpzgOY. RYJYQKx
rQPbYQE gOXxYOYpz zSY dAR EXYugfiuKzgPpE, WXKuSY WuzgJYAC, 6 KpB GKrrgzAC, 7 nNEz
zP pKOY K yYZ. fPPoxY XQPJgBYE dAR rgpBgpoE yPQ zSY fPPoxY DxPNB iNr/RNr 8 KE
ZYxx.

1 ZaaX, ZAaeWNpwV aJ a XWwikLW kJ GWfiIWG kI XWLekpI 1.1.2
2 FppsAW hAplG Zlx/Xlx: ibbZI://LklCs.YllYkK.LlR/ZCVICV/
3 cVaUpI XkVMAW OpekfiLaekpI XWwikLW: ibbZI://DcI.DRDhlp.LlR/IpI/
4 fkLwpJpNe cUlwW XWwikLW ClJ: ibbZI://DhCOK.RNLOlIlGb.LlR/Kp-CI/IKOnNLKI/IKOnNLK-VCI/
5 øfH Mlx-Jlx MaeeWwI: ibbZ://hYCNsK.hKOlRW.lOY/ZiZ:LiDZbKO5
6 cLekiWfH: ibbZ://DLbNnKRW.DZDLiK.lOY
7 yaxxkefH: ibbZI://ccc.ODVVNbRW.LlR
8 FppsAW hAplG Zlx/Xlx: ibbZI://YNbiCV.LlR/EllYkKqklCsvkDbGlOR/ZCVICV

2

https://cloud.google.com/pubsub/
https://aws.amazon.com/sns/
https://azure.microsoft.com/en-us/services/service-bus/
http://zguide.zeromq.org/php:chapter5
http://activemq.apache.org
https://www.rabbitmq.com
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1.1. ODGMZhM

ODGMZGM-TitZC

Ip uPpzYpz-rKEYB XNrxgES/ENrEuQgrY, XNrxguKzgPpE KQY pPz KzzKuSYB zP K EXYugfiu zPXgu.
VSY XNrxguKzgPpE KQY KpKxUvYB Kz QNpzgOY rU zSY YpogpY zP BYzYQOgpY ZSguS ENrEuQgrYQE
ESPNxB QYuYgJY K ogJYp XNrxguKzgPp. Ip zSY NENKx OPBYx, XNrxguKzgPpE KQY K EYz Py
KzzQgrNzY-JKxNY XKgQE (PQ K OKX), KzzQgrNzYE KQY NENKxxU EzQgpoE KpB JKxNYE KQY uPOOPpxU
EzQgpoE, gpzYoYQE, rPPxYKp, flPKzgpo-XPgpz pNOrYQE rNz uKp JgQzNKxxU rY KpUzSgpo. VSY
ENrEuQgXzgPpE uKp EYxYuz XNrxguKzgPpE Py gpzYQYEz JgK K EYz Py XQYBguKzYE, zSKz KQY
uPpEzQKgpzE PJYQ KzzQgrNzYE. VSgE JKQgKpz Py XNrxgES/ENrEuQgrY gE ZKU OPQY YHXQYEEgJY
zSKp zSY zPXgu-rKEYB PpY. RNrEuQgrYQE KQY pPz xgOgzYB KpUOPQY zP zSY EYxYuzgPp Py
K zPXgu KOPpo K EYz Py XQYBYfipYB PpYE, KpB uPpJYQEYxU zSY uPpENOYQE uKp rNgxB
KpU uPOrgpKzgPpE Py uPpEzQKgpzE PJYQ zSY KzzQgrNzYE. MHKOXxYE Py uPpzYpz-rKEYB
XNrxgES/ENrEuQgrY EUEzYOE gpuxNBYE RgYpK [26], lRgYpK [66] KpB iWLGMR [63]
DPpzYpz-rKEYB XNrxgES/ENrEuQgrY OgoSz rY OPBYxYB KE K ENXYQEYz Py zPXgu-rKEYB
XNrxgES/ENrEuQgrY. DPpuYXzNKxxU K uPpzYpz-rKEYB XNrxgES/ENrEuQgrY YpogpY uKp rY
YKEgxU KBKXzYB zP SKpBxY K zPXgu-rKEYB ZPQbxPKB.

RDHmaiz xZttiEZ RiMMZzG

qPzS JKQgKpzE Py XNrxgES/ENrEuQgrY, zPXgu-rKEYB KpB uPpzYpz-rKEYB, KQY ZgBYxU NEYB
gp pPZKBKUE KXXxguKzgPpE. DxKEEguKx YHKOXxYE Py XNrxgES/ENrEuQgrY gpuxNBY YJYpz-
BQgJYp KXXxguKzgPpE ENuS KE zSY BYxgJYQU Py fipKpugKx jNPzKzgPpE BgEEYOgpKzYB zP EYJYQKx
gpzYQYEzYB XKQzgYE, EXPQzE QYXPQzgpo, zQKffiu uPpBgzgPp OPpgzPQgpo, OPBYQp ONxzgOYBgK
KXXxguKzgPpE, KpB OPpgzPQgpo Py zSY IpzYQpYz Py zSgpoE BYJguYE [41, 51, 67, 103].

1.1.2 oPiaiIaZ OaDmC LzPWQMZPMmzZt
sWZ oWQvM sDlizCt xmaMQ-ODzZ

DPOXNzYQ EugYpzgEzE KQY yKOgxgKQ ZgzS APPQY’E xKZ zSKz EzKzYE zSKz zSY pNOrYQ Py
zQKpEgEzPQE Pp Kp gpzYoQKzYB ugQuNgz BPNrxYE KXXQPHgOKzYxU YJYQU YgoSzYYp OPpzSE. W
uPQPxxKQU zP zSgE PrEYQJKzgPp ZKE Kp KZYEPOY EgBY YffYuz, Kp YHzQYOYxU uPpJYpgYpz yKuz
zSKz zSY uxPub EXYYBE ZYQY yPxxPZgpo zSY EKOY QNxYE NX zP YKQxU 2000’E. VSgE EgzNKzgPp
ZKE EPOYSPZ uPOyPQzKrxY yPQ zSY XQPoQKOOYQ EgpuY YJYQU pYZ Dim oYpYQKzgPp ZKE
QNppgpo KpU XgYuY Py EPyzZKQY yKEzYQ.
eSgxY rYgpo KrxY zP Ezgxx yPxxPZ APPQY’E xKZ gp zYQO Py zSY pNOrYQ Py zQKpEgEzPQE,
Dim OKpNyKuzNQYQE ZYQY pPz KrxY KpUOPQY zP gpuQYKEY uxPub EXYYBE EgpuY 2004. VSgE
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OWiHMZz 1. UGMzDCmPMQDG

EzKopKzgPp gE OKgpxU BNY zP zZP QYKEPpE: SgoSYQ-yQYjNYpugYE EzKQzYB zP rY ZKU zPP
oQYYBU gp zYQO Py YxYuzQgu XPZYQ KpB zSKz zSY zQKpEgEzPQE EZgzuSgpo yQYjNYpugYE ZYQY
pPz YJPxJgpo KpUOPQY. Wz zSgE zgOY rYoKp K pYZ YQK, zSY ONxzg-uPQY YQK, gpEzYKB
Py gpuQYKEgpo zSY Dim yQYjNYpuU Py K EgpoxY XQPuYEEPQ, zSYU EzKQzYB zP rNgxB uSgXE
uPpzKgpgpo ONxzgXxY XQPuYEEPQE KpB uPQYE.
VSKpbE zP zSKz, Pp ONxzgXxY uPQYE XQPuYEEPQE, zSY KooQYoKzYB pNOrYQ Py uPOXNzKzgPpE
BPpY rU K Npgz Py zgOY Pp K EgpoxY uSgX gE Ezgxx yPxxPZgpo APPQY’E xKZ. VKbgpo KBJKpzKoY
Py zSYEY KQuSgzYuzNQYE gE PrJgPNE ZSYp QNppgpo EYJYQKx BgffYQYpz XQPoQKOE gp XKQKxxYx rNz
uKp rY ONuS OPQY uPOXxYH ZSYp K EgpoxY XQPoQKO pYYBE zP rYpYfiz Py zSgE XKQKxxYxgEO.
VSgE bgpB Py XKQKxxYxgEO gE QYyYQQYB zP KE yhmUTBrq aBrqTjR ZgzSgp zSgE zSYEgE.

sWZ oWQvM sDlizCt OamtMZzt

VSYQY KQY XxYpzU Py zKEbE zSKz KQY SYKJgxU oQYYBU gp zYQO Py uPOXNzgpo QYEPNQuYE, zP
pKOY K yYZ, xYz NE ugzY AGI EuKppYQE gOKoY QYpBYQgpo, ZYKzSYQ yPQYuKEz, gpBYHgpo K
OKEEgJY uPQXNE Py BPuNOYpzE, KpB 3L QKUzQKugpo.
hPQ zSYEY SYKJU zKEbE, uPOXNzYQ OKpNyKuzNQYQE rNgxz EXYugfiu SKQBZKQY zP ENEzKgp zSY
xPKB. VSYEY YHzQKPQBgpKQU KQuSgzYuzNQYE YpBYB zP SKJY EPOYzgOYE K SgoSYQ XQguY XYQ
uPOXNzKzgPp Npgz (gp zYQO Py SKQBZKQY KpB YxYuzQgugzU uPpENOXzgPp) zSKp EzKpBKQB
XYQEPpKx uPOXNzYQE KJKgxKrxY Pp zSY OKQbYz.
RPOY pguY YHKOXxYE Py zSgE ESgyz OgoSz rY zSY QYpBYQgpo Py gOKoYE Py zSY rxPubrNEzYQ
OPJgY "VgzKpgu", zSKz ZKE BPpY Pp K uxNEzYQ Py KffPQBKrxY iDE QNppgpo Pp cgpNH
[108]. iQgPQ zP zSgE OPJgY OPEz Py zSY OPJgYE ZYQY QYpBYQYB Pp YHXYpEgJY BYBguKzYB
ENXYQ-uPOXNzYQE.
WpPzSYQ OYKpgpoyNx YHKOXxY gE zSY gpBYHgpo Py ZYr XKoYE BPpY rU fPPoxY, Kz K zgOY
ZSYQY OPEz Py zSY uPOXYzgzPQE ZYQY NEgpo OKgpyQKOYE (ENuS zSKz WxzKJgEzK). fPPoxY
BYugBYB zP NEY K xKQoY pNOrYQ Py KffPQBKrxY iDE gp PQBYQ zP oNKQKpzYY K xPZYQ uPEz Py
zSgE XQPuYEE. fPPoxY rNgxz K XQPoQKOOgpo OPBYx pKOYB VrpGhskBh [39] zSKz KxxPZE
zSY XQPoQKOOYQ zP YKEgxU EXxgz Py K EYz Py SYKJU uPOXNzKzgPpE ZgzSgp K EYz Py pPBYE.
VSgE bgpB Py XKQKxxYxgEO gE QYyYQQYB zP KE XWmTNWjUrq aBrqTjR ZgzSgp zSgE zSYEgE.

BZPDmHaQGE MWZ oDvMlizZ iGC MWZ UGvzitMzmPMmzZ

eY BYfipY BWvpkUhm yTmUkrqTNrUTWj KE zSY Kuz Py uQYKzgpo K yTmUkrq BWvpkUhm zSKz QNpE
ZgzSgp Kp KuzNKx uPOXNzYQ.
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1.1. ODGMZhM

Iz EzKQzYB gp zSY 60’E KpB ZKE jNgzY XPXNxKQ gp rPzS zSY uPOXNzgpo gpBNEzQU KpB
KuKBYOgu QYEYKQuS, zSYp JgQzNKxgvKzgPp xPEz XPXNxKQgzU Npzgx zSY YpB Py zSY uYpzNQU,
OKgpxU BNY zP zSY yKxxgpo uPEz Py SKQBZKQY KE ZYxx KE zSY EPXSgEzguKzgPp Py ONxzg-NEYQ
PXYQKzgpo EUEzYOE [25].
Wz zSY YpB Py zSY 90’E zSY XPXNxKQ uPOXNzYQ KQuSgzYuzNQYE BgB pPz XQPJgBY KpU ENXXPQz
yPQ JgQzNKxgvKzgPp. Ip 1997, MB qNopgPp KpB Kx., gpzQPBNuYB gp LgEuP [24], Kp YffiugYpz
gOXxYOYpzKzgPp Py yNxx JgQzNKxgvKzgPp Pp zSY AIiR KQuSgzYuzNQY ZgzS Kp YxYoKpz zQKXXgpo
OYuSKpgEO. LgEuP ZKE YONxKzgpo Kz zSgE zgOY PpxU zSY RgxguPp fQKXSguE’E AIiR G10000,
rNz zSY XKXYQ ZKE KxQYKBU BYEuQgrgpo SPZ zSKz zYuSpPxPoU uPNxB rY KXXxgYB zP zSY H86-
32 9 KQuSgzYuzNQY. Ip 1998, MB qNopgPp KpB Kx. [25] EzKQzYB K uPOXKpU pKOYB aAeKQY
KpB rQPNoSz JgQzNKxgvKzgPp zP zSY H86-32 KQuSgzYuzNQY. IpgzgKxxU, zSgE zYuSpPxPoU KgOYB
Kz KBBQYEEgpo gpzYQPXYQKrgxgzU, PXYQKzgpo EUEzYO OgoQKzgPp, QYxgKrgxgzU, KpB EYuNQgzU.
agQzNKxgvKzgPp Py zSY H86-32 KQuSgzYuzNQY ZKE K uSKxxYpogpo XQPrxYO, BNY zP zSY xKub
Py SKQBZKQY ENXXPQzYB JgQzNKxgvKzgPp KpB zSY uPOXxYHgzU Py zSY H86-32 KQuSgzYuzNQY.
xphmrUTjR-awaUhv qhyhq yTmUkrqTNrUTWj PQ BWjUrTjhmTNrUTWj gE KpPzSYQ OYuSKpgEO zSKz
QYyYQE zP Kp PXYQKzgpo EUEzYO yYKzNQY zSKz KxxPZE zSY YHgEzYpuY Py ONxzgXxY gEPxKzYB
NEYQ-EXKuY TjaUrjBha. VSgE KXXQPKuS, zSKz OgoSz rY uPpEgBYQYB KE Kp YHzYpBYB BXmWWU,
PffYQE OKpU Py zSY KBJKpzKoYE Py JgQzNKxgvKzgPp ZgzS K pYoxgogrxY PJYQSYKB KpB pP
pYYB Py EXYugfiu SKQBZKQY yYKzNQY zP QNp. AKpU gOXxYOYpzKzgPpE uKOY NX xgbY qRL
dKgxE Pp hQYYqRL, tXYpak Pp cgpNH KpB OPQY QYuYpzxU zSY cgpNH bYQpYx gpzQPBNuYB
K yNpuzgPpKxgzU pKOYB BRmWkpa zSKz SYxXYB zSY uQYKzgPp Py cgpNH DPpzKgpYQE (clD).
VSKpbE zP zSY pYoxgogrxY PJYQSYKB [57] Py zSgE bgpB Py JgQzNKxgvKzgPp, gz rYuKOY
uPpJYpgYpz zP BYBguKzY uPpzKgpYQE zP EgpoxY KXXxguKzgPpE. APQY QYuYpzxU, PXYQKzgpo-
EUEzYO xYJYx JgQzNKxgvKzgPp gE rYgpo NEYB KxPpo ZgzS NpgPp-uKXKrxY fixY EUEzYO ENuS KE
tJYQxKUhR KpB PzSYQE. MEXYugKxxU ZgzS K EPyzZKQY zYuSpPxPoU pKOYB LPubYQ [89].
VSY QYEYKQuS BPpY ZgzSgp zSgE zSYEgE zSKz ZKE QYxUgpo ONxzgXxY uPOXNzgpo gpEzKpuYE
(YHuYXz gp fppqTBrUTWj UW xjqTjh SmrsTjR (DSKXzYQ 6)) ZKE BPpY NEgpo tXYpFYrNxK, 10

K uxPNB uPOXNzgpo JgQzNKxgvKzgPp XxKzyPQO KpB NEgpo waA 11 KE SUXYQJgEPQ.

9 BI evkJ evWJkJ, m86-32 wWNWwJ ep BIeWA’J 8086 32-xkeJ awLvkeWLelwW
10 PMWIOWxlAa, ibbZI://ccc.lZKppKVCkD.lOY
11 nqf (nWwIWA-xaJWG qkwelaA faLvkIW), ibbZI://ccc.kNpCJ-onR.lOY
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OWiHMZz 1. UGMzDCmPMQDG

sWZ AQtZ Dv OaDmC ODXHmMQGE

DxPNB uPOXNzgpo uKOY PNz BNQgpo zSY 2000E, YJYp zSPNoS gzE QPPzE KQY PxBYQ KE ZYxx KE
gzE OYzKXSPQgu pKOY[54]. VZP BYuKBYE rYyPQY, zSY uxPNB EUOrPx ZKE KxQYKBU NEYB zP
QYXQYEYpz uPOXNzgpo KpB pYzZPQbgpo gpyQKEzQNuzNQY gp zSY BPuNOYpzKzgPp Py IpzYQpYz
KpuYEzPQE, gp 1977 yPQ WGiWFMV, KpB gp 1981 12 yPQ DRFMV 13.
SG-RzZXQtZ QYyYQE zP K EuYpKQgP gp ZSguS zSY NEYQ PZpE PQ QYpzE XSUEguKx OKuSgpYE
KpB gE QYEXPpEgrxY Py YJYQUzSgpo EzKQzgpo yQPO zSY SKQBZKQY NX zP zSY OKpKoYOYpz
Py zSY EPyzZKQY. tp-XQYOgEY gE zSY zYQO NEYB zP BYfipY zSY KXXQPKuS XQgPQ zSY uxPNB
uPOXNzgpo YQK.
UGvzitMzmPMmzZ it i oZzKQPZ (Uiio) QYyYQE zP EYQJguYE zSKz yQYY zSY NEYQ Py zKbgpo
uKQY Py zSY NpBYQxUgpo gpyQKEzQNuzNQY, ENuS KE BKzK EzPQKoY, pYzZPQb gpzYQyKuYE, rKubNXE.
DPOOPpxU, zSY IKKR gE rNgxz NEgpo JgQzNKxgvKzgPp, zSKpbE zP zSgE, zSY NEYQE SKE Kp
NpgyPQOgvYB JgYZ Py zSY KuzNKx SKQBZKQY.
iQPJgEgPpgpo KpB OPpgzPQgpo uPOXNzY, pYzZPQbgpo, EzPQKoY, KpB PzSYQ EYQJguYE gE BPpY
gp K EYxy-EYQJguY OKppYQ (ZgzS zSY SYxX Py K ZYr gpzYQyKuY KpB/PQ BgQYuzxU ZgzS XNrxguxU
KJKgxKrxY WiI).
IKKR YHKOXxYE gpuxNBY rNz KQY pPz xgOgzYB zP WOKvPp eYr RYQJguYE (WeR), fPPoxY
DPOXNzY MpogpY (fDM), AguQPEPyz WvNQY, LgogzKx tuYKp.
RaiMvDzX it i oZzKQPZ (Riio) QYyYQE zP EYQJguYE zSKz XQPJgBY uxPNB uPOXPpYpzE zP
PzSYQ EPyzZKQYE. VSYEY EYQJguYE OgoSz rY BKzKrKEYE, OKgx zQKpEyYQ KoYpz, xPKB rKxKpuYQ,
ZYr KXXxguKzgPpE uPpzKgpYQE, PQ PzSYQE.
DPOOPpxU, iKKR PffYQE OKpU KBJKpzKoYE ENuS zSKz: QYBNugpo zSY KOPNpz Py uPBgpo,
PffYQgpo EuKxKrgxgzU KpB SgoS KJKgxKrgxgzU.
iKKR YHKOXxYE gpuxNBY, rNz KQY pPz xgOgzYB zP WeR MxKEzgu qYKpEzKxb, egpBPZE
WvNQY, TYQPbN, fPPoxY WXX MpogpY, WOKvPp GYxKzgPpKx LKzKrKEY RYQJguY fPPoxY
DxPNB iNr/RNr, WOKvPp RgOXxY FPzgfiuKzgPp RYQJguY, KpB AguQPEPyz WvNQY RYQJguY
qNE.
oDvMlizZ it i oZzKQPZ (oiio) QYyYQE zP EYQJguYE zSKz XQPJgBY zSY yNxx KXXxguKzgPp zP
fipKx NEYQE. Iz BYfipYE EPyzZKQY zSKz KQY KuzNKxxU pPz QNppgpo Pp zSY uPOXNzYQ Py zSY
NEYQ.

12 cyZcOTS: ibbZI://ccc.LlRZCbKOiNIblOy.lOY/NpbKOpKbiNIblOy/1970I/
13 hXOTS: ibbZ://YC.GONKpsI-ZDObpKOI.lOY/UllocONbNpY/vAam_w/qiDZbKO_w/mlbDk/

wpIKObNlpI/jTr/qTjum/qTjum_2v.ibRk
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1.1. ODGMZhM

hPQ zSY NEYQE, zSgE KXXQPKuS uPOYE ZgzS EPOY KBJKpzKoYE xgbY pPz SKJgpo zP OKpKoY
zSY EPyzZKQY, zP gpEzKxx gz pYgzSYQ zP NXBKzY gz, pP pYYB zP uKQY KrPNz rKubNXE. VSY
OKgp BQKZrKubE KQY zSKz zSY KXXxguKzgPp QYjNgQYE Kp IpzYQpYz uPppYuzgPp zP ZPQb
XQPXYQxU.
mENKxxU, zSgE KXXQPKuS uPOYE ZgzS KpPzSYQ bgpB Py rgxxgpo, gpEzYKB Py rNUgpo zSY
EPyzZKQY, zSY NEYQ QYpz gz.
RKKR YHKOXxYE gpuxNBY, rNz KQY pPz xgOgzYB zP fPPoxY WXXE, AguQPEPyz tffiuY tpxgpY,
RKxYEhPQuY, LQPXrPH, KpB fgzSNr.
TizZ-xZMia OaDmC QYyYQE zP EYQJguY zSKz XQPJgBYE XSUEguKx OKuSgpYE ZgzS Kp YKEY
uPOXKQKrxY zP IKKR. WE EYYp XQYJgPNExU IKKR gE rNgxz Pp zPX Py JgQzNKxgvKzgPp, gz
uPOYE ZgzS OKpU KBJKpzKoYE rNz SKE Ezgxx EPOY BQKZrKubE ENuS zSKz zSY XYQzNQrKzgPp
Pp XYQyPQOKpuYE BPpY rU "pPgEU pYgoSrPQE" Pp K ESKQYB gpEzKpuY, zSY gpKrgxgzU zP
KuuYEE K EXYugfiu SKQBZKQY zSQPNoS zSY JgQzNKxgvKzgPp xKUYQ, PQ OPQY gOXPQzKpzxU
EPOY uPpuYQpE KrPNz EYuNQgzU. agQzNKxgvKzgPp EYuNQgzU QYxgYE ONuS Pp zSY gEPxKzgPp
OYuSKpgEOE XQPJgBYB rU zSY SKQBZKQY, EKBxU zSYEY PpYE KQY Ezgxx pPz yNxxU rNxxYzXQPPy;
YHXxPgzE gpuxNBY oKgp Py bYQpYx XQgJgxYoYE [102] KpB QYKBgpo SPEz OYOPQU [72, 80].
VP XQPJgBY K EgOgxKQ uPOyPQz KpB flYHgrgxgzU ZgzS XSUEguKx SKQBZKQY, KpPzSYQ OPBYx
YOYQoYB, trmh-vhUrq ahmyhma, K EYQJguY gp ZSguS XSUEguKx OKuSgpYE uKp rY XQPJgEgPpYB,
Np-XQPJgEgPpYB ZgzS zSY EKOY YKEY zSKp ZgzS JgQzNKxgvKzgPp [91].
VSY uxPNB uPOXNzgpo YQK EzKQzYB zZP BYuKBYE KoP KpB OKnPQ gpBNEzQU xYKBYQ YpzYQYB
zSY QKuY. Ip WNoNEz 2006, WOKvPp uQYKzYB K ENr-PQoKpgvKzgPp pKOYB WOKvPp eYr
RYQJguYE (WeR) KpB KppPNpuYB zSY XNrxgu KJKgxKrgxgzU Py MxKEzgu DPOXNzY DxPNB (MD2),
Kp IKKR zSKz KxxPZE zP QNp JgQzNKx OKuSgpYE gpEzKpuYE Pp zSYgQ gpyQKEzQNuzNQY. Ip WXQgx
2008, fPPoxY gpzQPBNuYB fPPoxY WXX MpogpY, K iKKR zSKz KxxPZE XQPoQKOOYQE zP
ZQgzY uPOXNzYQ XQPoQKOE, zSKz QNp Pp zSYgQ gpyQKEzQNuzNQY ZgzSgp K EXYugfiu yQKOYZPQb
(K SKpByNx Py uPOXNzYQ xKpoNKoYE KQY ENXXPQzYB). cKzYQ, gp hYrQNKQU 2010, AguQPEPyz
nPgpYB zSY QKuY ZgzS AguQPEPyz WvNQY.

szQImMZ MD SHZG-oDmzPZ oDvMlizZ

DxPNB uPOXNzgpo gE EPOYSPZ K rgo EzKub Py JKQgPNE zYuSpPxPogYE zSKz uPpzKgpE PXYQKz-
gpo EUEzYOE, ONxzgXxY zUXYE Py JgQzNKxgvKzgPp, PQuSYEzQKzgPp OYuSKpgEOE, BgEzQgrNzYB
BKzKEzPQYE, xKQoY-EuKxY BKzK XQPuYEEgpo EPyzZKQY, Yzu. LYJYxPXOYpz Py YKuS rQgub Py
zSKz EYz Py zYuSpPxPogYE gE uPOXxYH KpB QYjNgQYE ONuS ZPQb. eY uKp YKEgxU KQoNY zSKz
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ZgzSPNz PXYp-EPNQuY EPyzZKQY uPpzQgrNzgPpE, zYuSpPxPoU gOXQPJYOYpzE ZPNxB pPz SKJY
oPpY zSKz yKQ.
Ip zSY xKEz zZP BYuKBYE, uPpzQgrNzgPpE Py PXYp EPNQuY zP zSY JKQgPNE KEXYuzE Py
uPOXNzgpo KQY zQYOYpBPNE.
tXYp-EPNQuY pPz PpxU XPZYQE uQNugKx XKQzE Py PNQ uYxxXSPpYE, zKrxYzE, rQPZEYQ, PQ
pYzZPQbgpo oYKQE, rNz gz gE KxEP rYSgpB OKpU Py zSY zYuSpPxPogYE NEYB gp zSY uxPNB.

1.1.3 SGaQGZ sziCQGE
fQEW-YzZemZGPu sziCQGE

W ogJYp KEEYz uKp rY zQKBYB Pp BgffYQYpz OKQbYzE, KpB NpBYQ uYQzKgp ugQuNOEzKpuYE, gz
OgoSz rY XQguYB BgffYQYpzxU Pp zZP BgffYQYpz PpYE. wpPZgpo zSKz gpyPQOKzgPp rYyPQY Kxx
PzSYQ gpJYEzPQE gE K oQYKz KBJKpzKoY, EgpuY gz KxxPZE Kp gpJYEzPQ zP OKbY K EKyY KpB
XQPfizKrxY XKgQ Py zQKpEKuzgPpE; rNU zSY XQPBNuzE ZSYQY gz gE uSYKXYQ KpB EYxx gz ZSYQY
gzE XQguY gE SgoSYQ. eY BYpPzY zSY zYuSpgjNY BYEuQgrYB KrPJY KE vrmohU rmtTUmrRh, gz
QYxgYE OKgpxU Pp SKJgpo zSY fipKpugKx gpyPQOKzgPpE jNgubxU KpB zKbgpo zSY BYugEgPp
rYyPQY KBJYQEKQgYE.
WuuPQBgpo zP zSgE, gz rYuKOY EPPp K zYuSpguKx uSKxxYpoY zP zQKpEOgz YHzQYOYxU yKEz zSgE
BKzK yQPO PpY EzPub YHuSKpoY zP zSY PzSYQ. eY pPzY zSKz gp zSY YKQxU 1930’E zYxYoQKO
uPOONpguKzgPpE ZYQY YEzKrxgESYB rYzZYYp FPQzS-WOYQguK MKEz-DPKEz KpB MNQPXY,
ZgzS rKpBZgBzS QYKuSgpo KxQYKBU 3’200 uSKQKuzYQE XYQ OgpNzY yPQ zSgE EXYugfiu XNQXPEY
[90].
Ip 1971, zSY FKzgPpKx WEEPugKzgPp Py RYuNQgzgYE LYKxYQE yPNpBYB zSY FKEBKj 14 RzPub
AKQbYz, zSY ZPQxB fiQEz YxYuzQPpgu EzPub-OKQbYz [109]. Wz zSY zgOY Py gzE xKNpuS FKEBKj
ZKE OKgpxU PXYQKzYB KE K rNxxYzgp rPKQB, yNxxU YxYuzQPpguKxxU PXYQKzYB OKQbYzE uKOY
K rgz xKzYQ. fctqMl zQKBgpo EUEzYO gpzQPBNuYB gp 1992, XQPJgBYB Kp yNxx-flYBoYB
YxYuzQPpgu EzPub-OKQbYz zSKz uKp SKpBxY zQKBYE YxYuzQPpguKxxU. RgpuY zSYp, OPEz EzPub-
YHuSKpoYE OPJYB jNgubxU zP EUEzYOE zSKz KQY yNxxU YxYuzQPpguKxxU PXYQKzYB, KxxPZgpo
zQKBYQE zP BP JKQgPNE bgpB Py KQrgzQKoY PQ KXXxU PzSYQ KxoPQgzSOE Kz K JYQU SgoS XKuY.
WQrgzQKoY zYuSpgjNYE QYxU Pp SKJgpo zSY rYEz EYxxgpo KpB rNUgpo XQguY rNz zSYU KxEP
rYpYfiz Py YHzQK gpyPQOKzgPp. TKJgpo, gp K yKEz OKppYQ, K OPQY gp-BYXzS bpPZxYBoY
ENuS KE Kxx XPzYpzgKx rNUYQE KpB EYxxYQE, ZgzS zSY jNKpzgzgYE (QYyYQQYB zP JPxNOY) KpB

14 OaJGad QaJ kIkekaAAj aI aLwpIjV Npw evW OaekpIaA cJJpLkaekpI pN XWLlwkekWJ gWaAWwJ clepVaeWG
HlpeaekpIJ

8



1.2. xDMQKiMQDGt iGC ODGMzQImMQDGt

zSY XQguY Kz ZSguS zSYU KQY Zgxxgpo zP zQKBY, ogJYE K oQYKz KBJKpzKoY. VSY EzQNuzNQY
zSKz SPxBE zSgE gpyPQOKzgPp gE pKOYB Wmshm tWWo. Ip DSKXzYQ 6, I Zgxx XQYEYpz JKQgPNE
KxoPQgzSOE zSKz xYJYQKoY uPpuNQQYpuU zP EXYYB NX gzE OKpKoYOYpz.

1.2 xDMQKiMQDGt iGC ODGMzQImMQDGt

1.2.1 oPiaiIaZ RmIaQtW/omItPzQIZ gGEQGZ

Ip RYuzgPp 1.1.1, I KQoNYB zSKz zSY XNrxgES/ENrEuQgrY XKzzYQp gE SYKJgxU NEYB, KpB zSKz
pPZKBKUE OKpU KXXxguKzgPpE KQY QYxUgpo Pp gz. AKpU Py zSYEY KXXxguKzgPpE KQY KxQYKBU
QNppgpo Pp zSY uxPNB, KpB zSYU pYYB Kp YpogpY zSKz gE EuKxKrxY.
tNQ fiQEz uPpzQgrNzgPp ZgzSgp zSgE zSYEgE gE zSY BYEgop KpB zSY KpKxUEgE Py K oYpYQgu,
OPBNxKQ KpB EuKxKrxY gpyQKEzQNuzNQY yPQ ENXXPQzgpo SgoS-XYQyPQOKpuY uPpzYpz-rKEYB
XNrxgES/ENrEuQgrY.
Wp gOXxYOYpzKzgPp ESPNxB EuKxY JYQzguKxxU, KpB SPQgvPpzKxxU, KpB uPOXYzY gp zSY
EKOY xYKoNY KE YHgEzgpo gOXxYOYpzKzgPpE. VSY YJKxNKzgPp Py zSY XYQyPQOKpuY gE BPpY
ZgzS JKQgPNE pNOrYQ Py uPOXNzgpo pPBYE, ENrEuQgXzgPpE, KpB ZgzS BgffYQYpz zUXYE Py
OYEEKoYE (g.Y., JKQgPNE BgEzQgrNzgPp Py OYEEKoYE KuuPQBgpo zP zSYgQ EgOgxKQgzgYE). VSY
OYzQguE zSKz Zgxx KxxPZ zSY uPOXKQgEPp Py zSY YpogpY KpB gzE JKQgKpzE Py PNQ KxoPQgzSOE
KoKgpEz PzSYQ ZYxx-YEzKrxgESYB PpYE KQY KE yPxxPZE:

— aiMZGPu: OYKENQY Py zSY zgOY BYxKU QYjNgQYB yPQ OYEEKoY zP zQKJYx KuQPEE K
YpogpY (rYzZYYp ENrOgEEgPp KpB BYxgJYQU)

— MWzDmEWHmM: OKHgONO pNOrYQ Py YJYpzE zSKz uKp rY SKpBxYB XYQ Npgz Py zgOY.

VSY EYuPpB uPpzQgrNzgPp Py zSgE zSYEgE gE zSY BYEgop KpB zSY gOXxYOYpzKzgPp Py K
pPJYx KpB XQKoOKzgu zgYQYB KXXQPKuS, rRdcpNkaQ, zSKz PffYQE SgoS zSQPNoSXNz KpB
EuKxKrgxgzU.
hNQzSYQOPQY, zSY EPxNzgPp ESPNxB XQPJgBY YxKEzgugzU gp PQBYQ zP ENEzKgp K xPKB zSKz gE
JKQUgpo. VSY gOXKuz Py zSgE yYKzNQY SKE zP rY YJKxNKzYB KpB ESPNxB rY bYXz KE EOKxx
KE XPEEgrxY.
eY XQPXPEY c-rRdcpNkaQ, Kp YxKEzgu uPpzYpz-rKEYB XNr/ENr EUEzYO. VSY zSgQB
uPpzQgrNzgPp Py zSgE zSYEgE gpuxNBYE: (1) K OYuSKpgEO yPQ EuKxgpo rPzS PNz KpB gp,
EzKzYyNx KpB EzKzYxYEE XNr/ENr PXYQKzPQE, (2) K xPuKx KpB oxPrKx YxKEzgugzU XPxguU
YpyPQuYQ OKgpzKgpgpo SgoS EUEzYO NzgxgvKzgPp KpB EzKrxY YpB-zP-YpB xKzYpugYE KpB (3)
Kp YJKxNKzgPp NEgpo QYKx-ZPQxB ZPQbxPKBE yQPO zSY hQKpbyNQz RzPub MHuSKpoY.
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OWiHMZz 1. UGMzDCmPMQDG

VSY KQuSgzYuzNQY Py PNQ EUEzYO gE rKEYB Pp K DPOXxYH MJYpz iQPuYEEgpo pKOYB RzQYKO-
AgpY3f BYJYxPXYB gp uPxxKrPQKzgPp ZgzS uPxxYKoNYE Kz Vm LQYEBYp, SKE XYQOgzzYB zP
BYuPOXPEY zSY XQPuYEE gp EzKoYE Py PXYQKzPQE.

1.2.2 ODGPmzzZGM SzCZz TDDF

Ip EYuzgPp 1.1.3, I KQoNYB zSKz zgOY zSKz zQKBgpo OKQbYz fipKpugKx KXXxguKzgPpE xgbY
zQKBgpo QYjNgQY K yKEz QYXQYEYpzKzgPp Py zSY PQBYQ rPPb (KpB PrJgPNExU Kp YHuYxxYpz
uPppYuzgPp zP zSY EzPub YHuSKpoYE). DNQQYpz OKzuSgpo YpogpYE ZPQb EYjNYpzgKxxU [93]
Pp BYBguKzYB fiYxB-XQPoQKOOKrxY oKzY KQQKUE (hifW) [77] KpB QYjNgQY EXYugfiu uPppYu-
zgPpE [1].
DSKXzYQ 6 YJKxNKzYE zSY XPEEgrgxgzU Py xYJYQKogpo XKQKxxYxgEO gpzP zSgE XQPrxYO. VSY
XPzYpzgKx yPQ XYQyPQOKpuY gOXQPJYOYpzE rU zKbgpo KBJKpzKoY Py zSY XKQKxxYx XQPuYEEgpo
uKXKrgxgzgYE Py OPBYQp ONxzg-uPQY Dim ogJYE NE K oQYKz gpuYpzgJY.
Ip zSgE xKEz uPpzQgrNzgPp, ZY YHXxPQY JKQgPNE OKzuSgpo KxoPQgzSOE KpB BKzK EzQNuzNQYE
gp PQBYQ zP QYBNuY xKzYpuU. eY uPOXKQY K EYjNYpugKx KxoPQgzSO, K xPub-rKEYB KxoPQgzSO,
KpB EPOY OPQY EPXSgEzguKzYB XKQzgKxxU xPub-yQYY KxoPQgzSOE.
Ip PQBYQ zP BP XQPXYQ YJKxNKzgPp Py zSY KyPQYOYpzgPpYB KxoPQgzSOE, ZY pYYB zP rNgxB K
ZPQbxPKB zSKz SKE EgOgxKQ XQPXYQzgYE zSKp zSY QYKx OKQbYz. DPpEgBYQgpo zSKz QYKx OKQbYz
BKzK KQY SKQBxU KJKgxKrxY (YgzSYQ zSYQY KQY YHzQYOYxU YHXYpEgJY PQ KQY gpuPOXxYzY), ZY
BY BYugBY zP rNgxB K oYpYQKzPQ zSKz yPxxPZE EzKzY-Py-zSY-KQz OPBYxE NEYB gp YuPpPXSUEguE
[10, 15, 86].

1.3 SzEiGQciMQDG Dv MWZ sWZtQt

VSY QYEz Py zSgE zSYEgE gE PQoKpgvYB KE yPxxPZE: Ip DSKXzYQ 1, I XQYEYpz zSY uPpzYHz
Pp uPpzYpz rKEYB XNrxgES/ENrEuQgrY, EuKxKrxY uxPNB KQuSgzYuzNQYE KpB PpxgpY zQKBgpo
OYuSKpgEOE, KE ZYxx KE zSY OPzgJKzgPp Py zSgE zSYEgE. Ip DSKXzYQ 2, I XQYEYpz QYxKzYB
ZPQb. Ip DSKXzYQ 3, I ESPZ SPZ K uPpzYpz-rKEYB XNrxgES/ENrEuQgrY EUEzYO uKp rY
XQPXYQxU XQPJgEgPpYB gp PQBYQ zP QNp gp zSY OPEz YffiugYpz ZKU Pp K IKKR YpJgQPpOYpz. Ip
DSKXzYQ 4, I ESPZ SPZ K uPpzYpz-rKEYB XNrxgES/ENrEuQgrY EUEzYO uKp rY gOXxYOYpzYB
zP PffYQ EuKxKrgxgzU XQPXYQzgYE. cKzYQ gp DSKXzYQ 5, I XQYEYpz K QYfipYOYpz Py zSY EUEzYO
ZSguS XQPJgBYE YxKEzgugzU zP zSY EUEzYO, zSKz uKp BUpKOguKxxU EuKxY KuuPQBgpo zP zSY
xPKB. Ip DSKXzYQ 6, I XQPXPEY JKQgPNE KXXQPKuSYE zP OKgpzKgp Kp PQBYQ rPPb KpB BP
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1.3. SzEiGQciMQDG Dv MWZ sWZtQt

zSY KuzNKx OKzuSgpo Py EzPub YHuSKpoY PQBYQE gp K XKQKxxYx OKppYQ. DPpuxNEgPp KpB
yNzNQY BgQYuzgPpE KQY XQYEYpzYB gp DSKXzYQ 7.
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"aPV dOTT PSw NT gVyjVQ IVQ JVnu wPQNQ?" —

— "mjVPu QLn wPQNLA LQI IVQd QPSwj InNQ!"

hQgYBQguS e. FgYzvEuSY, dTh umöXqTBXh QTaahjaBXruU

2
AZaiMZC lDzF

2.1 RmIaQtW/omItPzQIZ

DPpzYpz-rKEYB iNr/RNr EUEzYOE SKJY rYYp ZgBYxU EzNBgYB rU zSY QYEYKQuS uPOONpgzU
gp zSY XKEz UYKQE. qU BYEgop, zSYU KQY uPpuYgJYB zP ENXXPQz K xKQoY pNOrYQ Py NEYQE.
Ip zSgE EYuzgPp, ZY yPuNE Pp QYxKzYB ZPQb uxPEY zP zSY PrnYuzgJYE Py PNQ QYEYKQuS, g.Y.,
iNr/RNr gpyQKEzQNuzNQYE BYEgopYB zP BUpKOguKxxU EuKxY ZgzS JKQgPNE XKQKOYzYQE, KpB
XKXYQE zSKz EzNBU zSY rYSKJgPQ Py ENuS EUEzYOE KpKxUzguKxxU.

2.1.1 UGvzitMzmPMmzZ RzDKQtQDGQGE
LGiauMQPia YziXZlDzFt vDz RmI/omI

GKgugN hU rq. [95] EzNBgYB zSY BgOYpEgPpgpo KpB EuKxgpo Py uPpzYpz-rKEYB iNr/RNr
EUEzYOE. VSYU fiQEz KpKxUvYB K yYZ KXXxguKzgPpE ENgzKrxY yPQ uPpzYpz-rKEYB iNr/RNr
KpB YHzQKuzYB zSYgQ uSKQKuzYQgEzguE. VSYU BgEuPJYQYB zSKz zSYEY KXXxguKzgPpE YHSgrgz
EgopgfiuKpz BgJYQEgzU, yQPO gpXNz xPKBE (XNrxgESYQE rKpBZgBzS KE ZYxx KE XNrxguKzgPp
yQYjNYpuU) zP QYjNgQYOYpzE (zPxYQKrxY xKzYpuU). VSYU yPuNEYB zSYgQ EzNBU Pp zSQPNoSXNz
KpB xKzYpuU, KpB KpKxUvYB zSYgQ YffYuzE Pp zSY KQuSgzYuzNQY XKQKOYzYQE. TPZYJYQ, zSYU
BP OKbY EYJYQKx NpQYKxgEzgu KEENOXzgPpE, ENuS KE NEgpo uPOONpguKzgPp xgpbE ZgzS
gpfipgzY rKpBZgBzS.
eKpo hU rq. [113] EzNBgYB zSY gOXKuz Py ENrEuQgXzgPpE XKQzgzgPpgpo KpB YHgEzgpo QPNzgpo
KxoPQgzSOE Pp zSY zSQPNoSXNz Py iNr/RNr XxKzyPQOE. VSYU OKgpxU yPuNEYB Pp zSY
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OWiHMZz 2. AZaiMZC lDzF

gOXKuz Py ENrEuQgXzgPp ENOOKQgYE Pp zSY QPNzgpo KxoPQgzSO QKzSYQ zSKp zSY gOXKuz Py
ENrEuQgXzgPp XKQzgzgPpgpo.
Ip [99], GPEY hU rq. XQPXPEYB DPrQK, K XQPJgEgPpgpo zYuSpgjNY yPQ KooQYoKzgpo rxPoE KpB
GRR yYYBE. Ip K EYpEY, gz PXYQKzYE xgbY K EYKQuS YpogpY, KE PpY Py gzE PXYQKzPQE gE K Bmrgqhm
ZSguS QYzQgYJYE gpyPQOKzgPp. IzE EgOgxKQgzU ZgzS PNQ ZPQb gE gzE BYuPNXxYB KQuSgzYuzNQY
rYzZYYp uQKZxYQE, fixzYQE, KpB QYflYuzPQE KE ZYxx KE gzE Pff-xgpY EYQJguY XQPJgEgPpgpo
zYuSpgjNY zP BYzYQOgpY zSY OgpgOKx KOPNpz Py XSUEguKx QYEPNQuYE QYjNgQYB. TPZYJYQ,
ZSgxY zSY oYpYQKx gBYKE KQY EgOgxKQ, zSYgQ gOXxYOYpzKzgPpE KQY EgopgfiuKpzxU BgffYQYpz.
VSY XNQXPEY Py YKuS EzKoY gE BgffYQYpz, zSYQYyPQY xYKBgpo zP BgffYQYpz KpKxUzguE. DPrQK’E
fixzYQgpo EzKoY uPpEgBYQE zYHz OKzuSgpo KxoPQgzSOE, ZSgxY ZY KxxPZ OPQY oYpYQKx fixzYQgpo
KxoPQgzSOE KpB KBKXz PNQ KQuSgzYuzNQY KuuPQBgpoxU.
sPPp hU rq. [118] KxEP gpJYEzgoKzYB XQPJgEgPpgpo zYuSpgjNYE ZSYp RcWE pYYB zP rY
YpyPQuYB yPQ K iNr/RNr EYQJguY. VSY XQPJgEgPpgpo gE KuuPOXKpgYB rU rQPbYQ zPXPxPoU
zQKpEyPQOKzgPpE KpB PpxU KXXxgYE zP QYJYQEY-XKzS yPQZKQBgpo-rKEYB EUEzYOE ZSYQY YKuS
rQPbYQ YpBPQEYE Kxx QPxYE (uPpzKuz XPgpz, OKzuSYQ, BgEXKzuSYQ yPQ PzSYQ rQPbYQE).

ODGMZGM-TitZC RmI/omI

RIMFW [27] gE PpY Py zSY fiQEz uPpzYpz-rKEYB iNr/RNr yQKOYZPQbE. Iz NEYE K BgEzQgrNzYB
pYzZPQb Py BYBguKzYB YJYpz rQPbYQE KpB QYJYQEY XKzS yPQZKQBgpo. qQPbYQE KEENOY Kxx
QPxYE, EYQJgpo KE uPpzKuz XPgpzE yPQ XNrxgESYQE KpB ENrEuQgrYQE, OKzuSgpo YJYpzE, KpB
yPQZKQBgpo YJYpzE zP PzSYQ rQPbYQE ZSP OKU SKJY Kz xYKEz PpY OKzuSgpo ENrEuQgXzgPp.
VSY OKzuSgpo PXYQKzgPp gE XYQyPQOYB EYJYQKx zgOYE gp PQBYQ zP BYzYQOgpY zSY XQPX-
KoKzgPp Py XNrxguKzgPpE zP rQPbYQE. VSY RIMFW KxoPQgzSOE SKJY rYuPOY QYyYQYpuY
EPxNzgPpE yPQ zSY XQPrxYO Py QPNzgpo uPpzYpz-rKEYB YJYpzE KpB ENrEuQgXzgPpE gp Kp
KXXxguKzgPp-xYJYx pYzZPQb.
iWLGMR [63] gE K iNr/RNr EUEzYO ZgzS zSY uKXKrgxgzU zP XQPBNuY uPOXxYH uPQQYxKzgPpE
KOPpo rPzS XKEz KpB yNzNQY YJYpzE. VSY EUEzYO, NEgpo KBJYQzgEYOYpz-rKEYB QPNzgpo,
gpuxNBYE KxoPQgzSOE zP PXzgOgvY zSY QYzQgYJKx KpB uPQQYxKzgPp Py SYzYQPoYpYPNE BKzK
EzQYKOE. Iz KxEP YHXxPgzE zSY QYxKzgPpESgXE rYzZYYp ENrEuQgXzgPpE (YjNgJKxYpuY, uPp-
zKgpOYpz), ENXXPQzE ONxzgXxY BKzK XKQzgzgPpgpo EuSYOYE (YKuS ZgzS gzE PZp zQKBY-PffE),
KpB SKpBxYE pYzZPQb yKgxNQYE. GYuYpz ZPQb Pp iWLGMR, ENuS KE zSKz rU DSYNpo KpB
dKuPrEYp [33], KBBE xPKB-rKxKpugpo zP gpuQYKEY gzE EuKxKrgxgzU.
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2.1. RmIaQtW/omItPzQIZ

oPiaiIaZ RmI/omI LzPWQMZPMmzZt

VSY pYYB yPQ BYEgopgpo iNr/RNr gpyQKEzQNuzNQYE zSKz uKp EuKxY ZgzS xKQoY NEYQ KpB
ENrEuQgXzgPp XPXNxKzgPpE SKE xPpo rYYp QYuPopgvYB. DxKEEguKx rQPbYQ-rKEYB EUEzYOE
ENuS KE RIMFW [27] PQ iWLGMR [63] YHXxPgz EgOgxKQgzgYE rYzZYYp ENrEuQgXzgPpE (gp
XKQzguNxKQ uPpzKgpOYpz QYxKzgPpESgXE) zP gOXQPJY zSY OKzuSgpo EXYYB. APQY EXYugfiuKxxU,
ZSYp ENrEuQgXzgPpE KQY KooQYoKzYB KxPpo zSY ZKU yQPO uPpENOYQE zP XQPBNuYQE Py
gpyPQOKzgPp, zKbgpo KBJKpzKoY Py uPpzKgpOYpz QYxKzgPpESgXE rYzZYYp ENrEuQgXzgPpE:
K EgpoxY KooQYoKzYB ENrEuQgXzgPp OKU QYXQYEYpz zSY gpzYQYEzE Py OKpU BPZpEzQYKO
ENrEuQgXzgPpE, zSNE QYBNugpo zSY pNOrYQ Py ENrEuQgXzgPpE OKpKoYB rU zSY rQPbYQ KpB
gOXQPJgpo fixzYQgpo XYQyPQOKpuY (EYY yPQ gpEzKpuY [64]). fYpYQKxxU, ENuS OYuSKpgEOE
XQPBNuY SgoSYQ oKgpE ZSYp zSY uPpEgBYQYB ENrEuQgXzgPpE KQY EgOgxKQ PQ BYEuQgrY PJYQ-
xKXXgpo gpzYQYEzE. qU uxNEzYQgpo zSY ENrEuQgrYQE gp K EOKQz ZKU, PpY uKp EuKxY zP xKQoY
NEYQ XPXNxKzgPpE ZgzS K QYKEPpKrxY pNOrYQ Py rQPbYQE. VSYEY EUEzYOE KQY BYEgopYB
zP rY BYXxPUYB gp xKQoY-KQYK pYzZPQbE KpB BP pPz YHXxgugzxU uPpEgBYQ BYXxPUOYpzE gp
uxNEzYQE ZgzS K ogJYp EuKxKrgxgzU PrnYuzgJY. Ip rQPbYQ PJYQxKUE (gxxNEzQKzYB gp hgoNQY
2.1), NpBYQ EPOY ZPQbxPKBE, XNrxguKzgPpE OKU SKJY zP zQKJYQEY K pNOrYQ Py rQPbYQE
zSKz SKJY pP xPuKx gpzYQYEzYB ENrEuQgrYQ rNz Ezgxx SKJY zP fixzYQ zSY XNrxguKzgPp KoKgpEz
EzPQYB ENrEuQgXzgPpE. VSYEY KQY uKxxYB uWmgrmshm-Wjqw rQPbYQE. eSgxY zYuSpgjNYE yPQ
QYZgQgpo zSY rQPbYQ PJYQxKU SKJY rYYp XQPXPEYB zP zKubxY zSgE XQPrxYO [69], zSY XQYE-
YpuY Py ENuS yPQZKQBYQ-PpxU rQPbYQE gE gpzQgpEgu zP K BYEgop ZSYQY uPOONpguKzgPp flPZE
BYXYpB Pp zSY fixzYQgpo EuSYOY KpB Pp zSY uNQQYpz ZPQbxPKB Py EzPQYB ENrEuQgXzgPpE.
RgpuY Kxx rQPbYQE XxKU Kxx QPxYE gp zSY XNr/ENr PXYQKzgPp, zSY KxxPuKzgPp Py XNrxgESYQE
KpB ENrEuQgrYQE zP rQPbYQE SKE K EzQPpo gOXKuz Pp zSY rKxKpuY Py xPKB KpB Pp zSY
PJYQKxx fixzYQgpo YffiugYpuU. W rKB XxKuYOYpz OKU QYENxz gp K SgoS pNOrYQ Py OYEEKoYE
rYgpo XQPXKoKzYB rYzZYYp rQPbYQE. RPOY PXzgOgvKzgPpE ZYQY XQPXPEYB zP KBBQYEE zSgE
XQPrxYO rU uPppYuzgpo ENrEuQgrYQE ZgzS EgOgxKQ ENrEuQgXzgPpE zP zSY EKOY rQPbYQE [31],
PQ rU xgpbgpo XNrxgESYQE KpB zSYgQ YHXYuzYB ENrEuQgrYQE zP zSY EKOY rQPbYQE [32, 79].
DSYNpo hU rq. [33] XQPXPEYB zP NEY EgOgxKQ zYuSpgjNYE zP QYZgQY zSY iWLGMR PJYQxKU
gp PQBYQ zP QYBNuY zSY YpJgQPpOYpzKx yPPzXQgpz Py zSY XNr/ENr EUEzYO. WoKgp, zSYEY
OYuSKpgEOE KQY BYXYpBYpz Pp zSY fixzYQgpo EuSYOY KpB QYjNgQY zSY KrgxgzU zP BYzYQOgpY
XQPHgOgzU QYxKzgPpE rYzZYYp ENrEuQgrYQE KpB XNrxgESYQE. VSgE ZPNxB pPz rY XPEEgrxY,
yPQ gpEzKpuY, ZgzS YpuQUXzYB fixzYQgpo KXXQPKuSYE.
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hgoNQY 2.1 – W rQPbYQ PJYQxKU pYzZPQb yPQ XNrxgES/ENrEuQgrY.

Ip uPpzQKEz zP EUEzYOE rKEYB Pp PJYQxKU Py rQPbYQE, zSY xPoguKx uPppYuzgPpE rYzZYYp zSY
YxYOYpzE gp PNQ XQPXPEYB KQuSgzYuzNQY KQY gpBYXYpBYpz Py zSY pKzNQY Py zSY ENrEuQgXzgPp
KpB XNrxguKzgPp ZPQbxPKBE KpB Py zSY pKzNQY Py zSY fixzYQgpo EuSYOY. eY ENXXPQz EuKxgpo
YKuS Py zSY XNr/ENr PXYQKzgPpE gpBYXYpBYpzxU rU EgOXxU KBBgpo OPQY XQPuYEEPQE zP zSY
EYz Py pPBYE zSKz ENXXPQz zSgE PXYQKzgPp. eY BP pPz QYjNgQY KpU EXYugfiu PXzgOgvKzgPp
ENXXPQz yQPO zSY fixzYQgpo EuSYOY, zSPNoS ZY uKp xYJYQKoY zSYgQ YHgEzYpuY yPQ gOXQPJgpo
EgpoxY-pPBY XYQyPQOKpuY gpEgBY fixzYQgpo xgrQKQgYE. FPzY zSKz PNQ KXXQPKuS gE QYKBgxU
KXXxguKrxY zP KQuSgzYuzNQYE xgbY fPPoxY’E fPPiR [97], ZSYQY XNr/ENr gE gOXxYOYpzYB rU
QYogPpKx BKzK uYpzYQE uPpEgEzgpo Py uxNEzYQE Py rQPbYQE KpB gpzYQuPppYuzYB rU BYBguKzYB
pYzZPQb xgpbE. Ip zSY uPpzYHz Py uPpzYpz-rKEYB QPNzgpo Py lAc BPuNOYpzE, hYxrYQ
hU rq. [45] XQPXPEYB EYJYQKx EuKxKrxY EzQKzYogYE yPQ XKQKxxYx fixzYQgpo zSKz PffYQ JKQgPNE
zQKBY-PffE gp zYQOE Py zSQPNoSXNz, xKzYpuU, QYEPNQuY uPpENOXzgPp, KpB uPOXxYHgzU.
VSYU uKp rY uPOrgpYB zPoYzSYQ gpzP K SgYQKQuSguKx QPNzgpo KQuSgzYuzNQY zSKz uKp KBKXz
zP zSY EXYugfiuE Py gpBgJgBNKx EYQJguYE. VSYEY EzQKzYogYE YHXxPQY EgOgxKQ zQKBY-PffE zP
zSPEY BgEuNEEYB gp RYuzgPp 3.3, rNz Kz K ONuS uPKQEYQ xYJYx. VSYQY gE pP oYpYQKxgvKzgPp
Py zSY OPBYx pPQ KpU KpKxUzguKx EzNBU.
qKxBPpg hU rq. [11] NpBYQxgpYB zSY xKub Py EYxy-PQoKpgvKzgPp uKXKrgxgzgYE Py uNQQYpz
uPpzYpz-rKEYB iNr/RNr EUEzYOE, zSYQYrU QYjNgQgpo SNOKp gpzYQJYpzgPp yPQ EYz-NX
KpB OKpKoYOYpz Py zSY KXXxguKzgPp-xYJYx pYzZPQb. VSYgQ EPxNzgPp BYEuQgrYE K yNxxU
BYuYpzQKxgvYB iNr/RNr EUEzYO, ZSYQY Kxx pPBYE Kuz KE rPzS XNrxgESYQE/ENrEuQgrYQE KpB
rQPbYQE. RYxy-uPpfioNQKzgPp gE KuSgYJYB zSQPNoS zSY NEY Py uPpfioNQKzgPp OgBBxYZKQY
rYzZYYp zSY PJYQxKU ENXXPQzgpo YJYpz XQPXKoKzgPp KpB zSY ENrEuQgXzgPp xKUYQ zSKz
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2.1. RmIaQtW/omItPzQIZ

BYKxE ZgzS ENrEuQgXzgPp gpEzKxxKzgPp. VSY uPpfioNQKzgPp OgBBxYZKQY EUEzYO BYugBYE
Pp ENrEuQgXzgPp-zP-pPBY KpB YJYpz-zP-pPBY OKXXgpoE yPQ rYzzYQ XYQyPQOKpuY gp zSgE
XYYQ-zP-XYYQ uPpzYHz.
qKxBPpg hU rq. [12] KxEP zKubxYB zSY XQPrxYO Py YJYpz BgEEYOgpKzgPp KpB XQPXPEYB K
pPJYx KXXQPKuS rU QYPQoKpgvgpo zSY PJYQxKU zPXPxPoU. VSYU XQYEYpzYB K EYxy-PQoKpgvgpo
PJYQxKU pYzZPQb rKEYB Pp zSY XQgpugXxY zSKz rQPbYQE OKzuSgpo EgOgxKQ YJYpzE ESPNxB
rY xPuKzYB KE uxPEY yQPO YKuS PzSYQ KE XPEEgrxY.
hKQQPNbS hU rq. [44] KxEP NEYB YJYpz XKQzgzgPpgpo. VSYU gpzQPBNuYB K XKQKxxYx OKzuSgpo
YpogpY Pp uNQQYpz uSgX ONxzg-XQPuYEEPQE zP gpuQYKEY zSY zSQPNoSXNz KpB QYBNuY zSY
OKzuSgpo zgOY. VSYgQ YpogpY YHXxPgzE zSY uSKQKuzYQgEzguE Py ONxzg-uPQY uPOXNzYQE zP
XKQzgzgPp zSY YJYpzE KpB XYQyPQO zSY XQPuYEEgpo.

YQaMZzQGE xZPWiGQtXt

tNQ KQuSgzYuzNQY ENXXPQzE pqkRRrtqh fixzYQgpo OYuSKpgEOE. WE zSY BYEgop Py pYZ ENuS
OYuSKpgEOE gE pPz zSY yPuNE Py zSgE XKXYQ, ZY PpxU rQgYflU BgEuNEE rYxPZ K yYZ ZYxx-
bpPZp KxoPQgzSOE zSKz uKp rY QYKBgxU NEYB gp PNQ rRdcpNkaQ gOXxYOYpzKzgPp (EYY
RYuzgPp 4.3.2). FPzY zSKz zSgE xgEz gE yKQ yQPO rYgpo YHSKNEzgJY.
RIMFW NEYE K uPNpzgpo KxoPQgzSO [26] yPQ YffiugYpzxU OKzuSgpo XNrxguKzgPpE KoKgpEz
ENrEuQgXzgPpE. IpBgJgBNKx XQYBguKzYE KQY EzPQYB gp K yPQZKQBgpo zKrxY KpB K ENrEuQgXzgPp
gE BYzYuzYB KE OKzuSgpo ZSYp Kxx gzE XQYBguKzYE SKJY rYYp YpuPNpzYQYB. eY NEY Kp
gOXxYOYpzKzgPp Py zSgE uPNpzgpo KxoPQgzSO KE zSY BYyKNxz fixzYQ gp rRdcpNkaQ yPQ
pPp-YpuQUXzYB OKzuSgpo. WBBgzgPpKx BYzKgxE Pp gzE PXYQKzgPp KQY ogJYp gp RYuzgPp 4.3.2.
MpuQUXzYB fixzYQgpo uKp rY ENXXPQzYB yPQ gpEzKpuY rU rawvvhUmTB aBrqrm-pmWskBU

pmhahmyTjR hjBmwpUTWj [34], uPOrgpYB ZgzS XQY-fixzYQgpo [13] yPQ YffiugYpuU. fQUXSPp [2]
gpEYQzE zSY EYz Py ENrEuQgXzgPpE gpzP K OKzuSgpo zQYY: xYKJYE uPpzKgp ENrEuQgXzgPpE,
pPp-xYKy pPBYE uPpzKgp zYEzE, KpB PNzoPgpo YBoYE QYXQYEYpz zSY QYENxzE Py zSY zYEzE. W
XNrxguKzgPp zQKJYQEYE BPZp zSY zQYY rU yPxxPZgpo Kxx OKzuSgpo XKzSE KpB QYXPQzE K
OKzuSgpo ENrEuQgXzgPp yPQ YKuS xYKy pPBY QYKuSYB. iWLGMR NEYE K EuKxKrxY fixzYQgpo
YpogpY [44] zSKz uKp xYJYQKoY ONxzgXxY uPQYE Pp K ESKQYB OYOPQU KQuSgzYuzNQY. qU
EXxgzzgpo zSY EzKzY Py ENrEuQgXzgPpE KpB NEgpo ONxzgXxY zSQYKBE EUpuSQPpgvYB NEgpo
YgzSYQ xPubE PQ zQKpEKuzgPpKx OYOPQU, zSY fixzYQgpo zSQPNoSXNz gE EgopgfiuKpzxU gOXQPJYB.
eY KxEP YHXxPgz Kxx zSY uPQYE KJKgxKrxY Pp K OKuSgpY KpB XQPJgBY EUpuSQPpgvKzgPp
OYuSKpgEOE yPQ uPpuNQQYpz KuuYEEYE zP K ESKQYB EzKzY.
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tzSYQ YHKOXxYE Py fixzYQgpo OYuSKpgEOE zSKz uKp rY xYJYQKoYB gp zSY uPpzYHz Py
rRdcpNkaQ gpuxNBY, rNz KQY pPz xgOgzYB zP, zSY yPxxPZgpo. GWiILAKzuS [68] gE
K zQYY-rKEYB fixzYQgpo OYuSKpgEO zSKz zKbYE gpzP KuuPNpz zSY EXKQEYpYEE Py uQgzYQgK
BYfipgzgPpE PJYQ zSY ZSPxY KzzQgrNzY EYz gp EPOY XNr/ENr ZPQbxPKBE yPQ oQYKzYQ YffiugYpuU.
VWAW [119] zQKBYE KuuNQKuU KpB EXKuY uPOXxYHgzU yPQ YffiugYpuU rU uxNEzYQgpo QKpoY-
rKEYB ENrEuQgXzgPpE gp XQYBYfipYB EYzE rKEYB Pp BgEuQYzY uNzE Py zSY BYfipgzgPp QKpoY Py
YKuS KzzQgrNzY. VSY NEY Py BgEuQYzY uNzE xYKBE zP zSY XQYEYpuY Py yKxEY XPEgzgJYE, ZSgxY
zSY XQYEYpuY Py ENrEuQgXzgPpE gp ONxzgXxY rNubYzE xYKBE zP SgoSYQ OYOPQU uPpENOXzgPp,
gp QYzNQp yPQ yKEzYQ fixzYQgpo. hKrQYz hU rq. [42] NEY EuSYOK-uxNEzYQgpo zP OgpgOgvY
zSY pNOrYQ Py fixzYQgpo PXYQKzgPpE XYQyPQOYB, KxPpo ZgzS zYuSpgjNYE zP gOXQPJY
uKuSY XYQyPQOKpuY Py zSY KxoPQgzSO. hgxzYQgpo OYuSKpgEOE KxEP YHgEz yPQ rPPxYKp
YHXQYEEgPpE [20, 47], lAc BPuNOYpzE KpB liKzS YHXQYEEgPpE [4, 29], KpB uPOXKuz
BKzK QYXQYEYpzKzgPp NEgpo qxPPO fixzYQE [65].

OamtMZzQGE omItPzQHMQDGt

RgOgxKQxU zP fixzYQgpo OYuSKpgEOE, ZY ENXXPQz ENrEuQgXzgPp uxNEzYQgpo rU zSY OYKpE Py
XxNooKrxY xgrQKQgYE. RNrEuQgXzgPp uxNEzYQgpo, KE BYEuQgrYB gp RYuzgPp 4.3.2, EXxgzE zSY
ZSPxY EYz Py ENrEuQgXzgPpE OKgpzKgpYB rU zSY XNr/ENr EUEzYO gpzP uxNEzYQE KuuPQBgpo
zP EgOgxKQgzU (gy K XQPHgOgzU OYzQgu gE KJKgxKrxY Pp zSY ENrEuQgXzgPp). VSgE zUXguKxxU
gpuQYKEYE zSY xYJYx Py uPpzKgpOYpz KpB zSY XPzYpzgKx yPQ KooQYoKzgPp, ZSguS gp zNQp
gOXQPJYE zSY XYQyPQOKpuY Py zSY fixzYQgpo PXYQKzgPp. DxKEEguKx uxNEzYQgpo KxoPQgzSOE
gpuxNBY w-OYKpE [114], MJYpz RXKuY iKQzgzgPpgpo (MRi) [112], PQ G-zQYYE [16].

2.1.2 gaitMQPQMu

Ip zSgE EYuzgPp ZY XQYEYpz Kp PJYQJgYZ Py QYxKzYB ZPQb ZgzS EXYugfiu yPuNE Pp YxKEzgu
XxKzyPQOE, YJYpz XQPuYEEgpo EUEzYOE, KpB XNr/ENr OgBBxYZKQY.

gaitMQP RaiMvDzXt iGC UGvzitMzmPMmzZt

MxKEzgu gpyQKEzQNuzNQYE KpB XxKzyPQOE KE K EYQJguY (IKKR KpB iKKR) ENXXPQz KB SPu
KBBgzgPp KpB QYOPJKx Py JgQzNKx OKuSgpYE (aAE) zP/yQPO K JgQzNKx YpJgQPpOYpz (aM).
W zUXguKx YHKOXxY gE zSY WOKvPp MD2 WNzP RuKxgpo EYQJguY [6]. Iz QYxgYE Pp rKEgu
YxKEzgugzU XPxgugYE rU EYzzgpo EgOXxY zSQYESPxBE Pp QYEPNQuY NzgxgvKzgPp. VSY hqraUTB

aTUh OYuSKpgEO yPQ FgOrNE KpB MD2 uxPNBE XQPXPEYE OPQY YxKrPQKzY XPxgugYE, yPQ
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2.1. RmIaQtW/omItPzQIZ

ZPQbxPKBE uPOXPEYB Py gpBYXYpBYpz zKEbE NpBYQ rKzuS EuSYBNxgpo [82]. WNzPRuKxY [49]
gE Kp YHKOXxY Py Kp KBKXzgJY IKKR YxKEzgugzU XPxguU, ZSYQY zSY oPKx gE zP OKgpzKgp zSY
OgpgONO KOPNpz Py EXKQY uKXKugzU zP SKpBxY ENBBYp xPKB gpuQYKEYE ZSgxY bYYXgpo zSY
zPzKx pNOrYQ Py EYQJYQE KE xPZ KE XPEEgrxY.
Wxx YxKEzgu EuKxgpo EPxNzgPpE Kz zSY IKKR xYJYx QYjNgQY zSKz zSY aAE uPOXPEgpo zSY
aM, KE ZYxx KE zSY nPrE zSKz QNp Pp zSYEY aAE, KQY EzKzYxYEE PQ gpBYXYpBYpz. VSYEY
QYjNgQYOYpzE KQY pPz yNxfixxYB rU zSY pPBYE Py K XNr/ENr EUEzYO, ZSguS QYjNgQY
KXXxguKzgPp-xYJYx YxKEzgugzU OYuSKpgEOE. MxKEzgu KXXxguKzgPpE gpzYQKuz ZgzS YxKEzgu IKKR
NEgpo zSY aA KxxPuKzgPp KpB BY-KxxPuKzgPp WiIE Py zSY IKKR YxKEzgugzU OKpKoYQ.

gaitMQP ODXHaZh gKZGM RzDPZttQGE

qPzS uPOXxYH YJYpz XQPuYEEgpo EUEzYOE (DMi) KpB EzQYKO XQPuYEEgpo YpogpYE (RiM)
XQPuYEE jNYQgYE uPOXPEYB Py BgQYuzYB KuUuxgu oQKXSE Py EzKzYyNx PQ EzKzYxYEE WphmrUWma
XQPuYEEgpo BKzK gp zSY yPQO Py hyhjU aUmhrva.
hYQpKpBYv Yz Kx. [46] XQPXPEY KXXxguKzgPp-xYJYx EuKxY PNz yPQ EzKzYyNx PXYQKzPQE, gpzY-
oQKzYB ZgzS XKEEgJY QYXxguKzgPp (uSYubXPgpzgpo). VSY gpzYoQKzgPp gE OKBY XPEEgrxY rU
YHXxgugz PXYQKzPQ EzKzY OKpKoYOYpz, Kp KXXQPKuS EgOgxKQ zP zSKz Py c-rRdcpNkaQ.
VSY PXYQKzPQ EzKzY gE BUpKOguKxxU EXxgz zP yPQO pYZ XKQzgzgPpE BYXxPUYB PJYQ ONxzgXxY
OKuSgpYE ZSYp EuKxgpo PNz, XPzYpzgKxxU QYjNgQgpo KXXxguKzgPp ENXXPQz yPQ XKQzgzgPpgpo.
c-rRdcpNkaQ ENXXPQzE yNxx YxKEzgugzU, g.Y., EuKxY WkU KpB Tj, ZSgxY PXzgOgvgpo zSY
PJYQKxx EUEzYO NzgxgvKzgPp, KpB ZgzSPNz QYjNgQgpo EXYugfiu KXXxguKzgPp ENXXPQz. IzE
NpBYQxUgpo QNpzgOY YpogpY uKp ENXXPQz rPzS XKEEgJY [85] KpB KuzgJY [84] QYXxguKzgPp.
Ip zSY uPpzYHz Py IqA’E RUEzYO R [115], RuSpYgBYQ Yz Kx. [101] XQPXPEY Kp YHzYpEgPp Py
zSY RiWLM BPOKgp-EXYugfiu xKpoNKoY zP ENXXPQz XKQKxxYx PXYQKzPQE Pp K EgpoxY SPEz.
c-rRdcpNkaQ ENXXPQzE YxKEzgu XKQKxxYxgvKzgPp ZgzSgp K EgpoxY SPEz KE ZYxx KE YxKEzgu
BgEzQgrNzgPp KuQPEE ONxzgXxY SPEzE.
MxKEzguRzQYKO [62] XQPXPEYE zP PNzEPNQuY XKQzE Py K RUEzYO R RiM BYXxPUOYpz zP K
XNrxgu uxPNB. Iz XYQgPBguKxxU KBnNEzE zSY BYXxPUOYpz rKEYB Pp BYugEgPp yQPO K xgpYKQ
XQPoQKOOgpo yPQONxKzgPp Py zSY KxxPuKzgPp XQPrxYO, ZSYQY zSY oPKx gE zP OgpgOgvY
zSY OPpYzKQU uPEz Py zSY uxPNB NEKoY. c-rRdcpNkaQ YxKEzguKxxU EuKxYE rKEYB Pp zSY
BkmmhjU EzKzY Py zSY EUEzYO, gOOYBgKzYxU KBBQYEEgpo xPKB JKQgKzgPpE.
RzQYKODxPNB [52] OPpgzPQE zSY KJYQKoY xPKB XYQ uxNEzYQ gp PQBYQ zP BYzYuz NpBYQ- KpB
PJYQxPKB EgzNKzgPpE. eSYp Kp PJYQxPKB gE BYzYuzYB, RzQYKODxPNB zQgooYQE XKgQ-ZgEY
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QY-rKxKpugpo rYzZYYp OPEz KpB xYKEz xPKBYB SPEzE. rRdcpNkaQ YxKEzgugzU XPxgugYE
ESKQY zSgE oPKx Py QYrKxKpugpo zSY xPKB rNz ZgzS zSY KBBgzgPpKx oPKxE Py OgpgOgvgpo
zSY KOPNpz Py OgoQKzgPpE KpB zSY ENXXPQz Py OgoQKzgPpE ZgzS OgpgOKx gpzYQQNXzgPp Py
zSY flPZ.

gaitMQP RmIaQtW/omItPzQIZ

VPXgu-rKEYB XNr/ENr YpogpYE NEYB gp zSY gpBNEzQU, ENuS KE WXKuSY wKybK [73] PQ TKBPPX
TYBego [7], zUXguKxxU ENXXPQz TjBmhvhjUrq aBrqrtTqTUw. VSgE QYyYQE zP zSY KrgxgzU zP
KBB/QYOPJY ENXXPQz EYQJYQE gp PQBYQ zP KuSgYJY xgpYKQ EuKxKrgxgzU gp zSQPNoSXNz PQ
pNOrYQ Py zPXguE. FPpY Py zSYEY EUEzYOE ENXXPQzE KNzPOKzYB KBBgzgPp KpB QYOPJKx
Py EYQJYQE rKEYB Pp zSY YHXYQgYpuYB ZPQbxPKB, KpB zSYQYyPQY uKppPz rY uxKEEgfiYB KE
YxKEzgu. c-rRdcpNkaQ ENXXPQzE TjBmhvhjUrq aBrqrtTqTUw KpB hqraUTBTUw, KpB uPpEgBYQE
zSY OPQY oYpYQKx KpB uSKxxYpogpo uPpzYpz-rKEYB OPBYx.
MCR [111] gE K OYEEKoY jNYNY KQuSgzYuzNQY zSKz uKp rY uxKEEgfiYB KE zPXgu-rKEYB XNr/ENr.
MxKEzgugzU gp MCR gE KuSgYJYB rU OPpgzPQgpo zSY xPKB Pp YKuS zPXgu KpB OgoQKzgpo
zPXguE rYzZYYp SPEzE. VSgE gOXPEYE K XPzYpzgKx uPEz gp zYQOE Py EYQJguY gpzYQQNXzgPp. Ip
uPpzQKEz zP MCR, c-rRdcpNkaQ zKQoYzE uPpzYpz-rKEYB fixzYQgpo ZSYQY zSY BYEzgpKzgPp
Py YJYpzE uKp PpxU rY BYzYQOgpYB Kz QNpzgOY. Iz KxEP OgoQKzYE XKQzE Py zSY xPKB zP
pYZ SPEzE ZSYp PJYQxPKB gE BYzYuzYB, rNz ZgzS zSY PrnYuzgJY Py OgpgOgvgpo EYQJguY
gpzYQQNXzgPp zSKpbE zP Kp KXXxguKzgPp-xYJYx OgoQKzgPp OYuSKpgEO.
TPffYQz Yz Kx. [55] uPpEgBYQ zSY XQPrxYO Py XQYBguzgpo zSY xPKB QYjNgQYOYpzE yPQ Kp
KBKXzgJY zPXgu-rKEYB XNr/ENr EYQJguY QNppgpo gp K uxPNB YpJgQPpOYpz. mEgpo ENXYQJgEYB
OKuSgpY xYKQpgpo, zSY KXXQPKuS gE KrxY zP BUpKOguKxxU uPpfioNQY zSY EYQJguY (Y.o., zSY
zQKpEXPQz XQPzPuPxE NEYB) yPQ BgffYQYpz CPR QYjNgQYOYpz, rNz BPYE pPz uPpEgBYQ zSY
BUpKOgu KBBgzgPp PQ QYOPJKx Py SPEzE yPQ ENXXPQzgpo zSY EYQJguY.
qxNYLPJY [78] zKQoYzE KzzQgrNzY-rKEYB XNr/ENr BYXxPUOYpzE Pp XNrxgu uxPNB EYQJguYE.
VSY OYEEKoY flPZ gp qxNYLPJY gE EzQguzxU BYXYpBYpz Pp zSY KzzQgrNzY-rKEYB fixzYQgpo
OPBYx NEYB yPQ ENrEuQgXzgPpE: zSY KzzQgrNzY EXKuY gE EXxgz gp QYogPpE, KpB ENrEuQgXzgPpE
KpB XNrxguKzgPpE KQY BgEXKzuSYB zP zSY OKzuSgpo EYQJYQE zSKz KQY gp uSKQoY Py Kp
PJYQxKXXgpo QYogPp. VSgE BgEKxxPZE zSY NEY Py fixzYQgpo EuSYOYE zSKz KQY pPz rKEYB Pp
xPZ-BgOYpEgPpKxgzU KzzQgrNzY EXKuYE PQ zSKz BP pPz KxxPZ YHKOgpgpo zSY uPpzYpz Py zSY
ENrEuQgXzgPpE Kz zSY EYQJYQ EgBY, ENuS KE ZgzS YpuQUXzYB fixzYQgpo. hgpKxxU, qxNYLPJY
ENXXPQzE PpxU EuKxY PNz, zSYQYyPQY, NpxgbY c-rRdcpNkaQ, gz uKppPz rY BYEuQgrYB KE
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yNxxU YxKEzgu. hKpo Yz Kx. [43] yPxxPZ K EgOgxKQ KXXQPKuS zP qxNYLPJY KpB PpxU EuKxYE
PNz.

2.2 SGaQGZ sziCQGE

RzQKzYogYE yPQ PXzgOgvgpo zSY PXYQKzgPp Py OKzuSgpo XxKzyPQOE uKp rY rQPKBxU BgJgBYB
gpzP zZP uKzYoPQgYE: zSY QYBNuzgPp Py xKzYpuU KpB PXzgOgvKzgPpE QYxKzYB zP PQBYQ
XQPuYEEgpo. VP KuSgYJY NxzQK-xPZ xKzYpugYE, SgoS-yQYjNYpuU zQKBgpo EYQJYQE KQY zUXguKxxU
SPNEYB gp zSY EKOY rNgxBgpo KE zSY OKzuSgpo YpogpY EYQJYQE [1]. WBBgzgPpKxxU, pPJYx
uPOONpguKzgPp zYuSpPxPogYE, ENuS KE OguQPZKJYE, KQY oKgpgpo XPXNxKQgzU KE zSYU
XQPOgEY zP uPpJYU PQBYQE yKEzYQ zSKp firQY PXzgu [105].
RgopgfiuKpz YffPQz ZKE KxEP EXYpz zPZKQBE YffiugYpz OgBBxYZKQY EUEzYOE yPQ PQBYQ SKpBxgpo,
rYEgBYE zSY OKzuSgpo PXYQKzgPp gzEYxy. AVfF dTamkpUWm [110] gE Kp gpzYoQKzYB zQKBgpo
EUEzYO QNppgpo Pp zSY daA. Iz gOXxYOYpzE zSY QYuYXzgPp KpB XQY-XQPuYEEgpo Py PQBYQE.
Iz EzPQYE zSY QYuYgJYB PQBYQE gp K jNYNY ZgzS PQBYQgpo oNKQKpzYYE EgOgxKQ zP zSY
TjBWvTjR jNYNY NEYB gp PNQ KxoPQgzSOE. LgEQNXzPQ yYKzNQYE K EgOXxY EgpoxY-zSQYKBYB
OKzuSgpo YpogpY zSKz yYzuSYE KpB XQPuYEE PQBYQE yQPO zSY jNYNY EYjNYpzgKxxU, rNz gz KxEP
KxxPZE zSY gOXxYOYpzKzgPp Py OPQY EPXSgEzguKzYB OKzuSgpo PQ PQBYQ XQPuYEEgpo YpogpYE
gpuxNBgpo zSPEY NEgpo ONxzgXxY-zSQYKBE gOXxYOYpzKzgPp. Iz gE zSYQYyPQY uPOXxYOYpzKQU
zP PNQ EzNBU, ZSguS uPpuYpzQKzYE Pp zSY gpzYQpKx Py zSY OKzuSgpo YpogpY.
WxzSPNoS, zP zSY rYEz Py PNQ bpPZxYBoY, zSYQY BPYE pPz YHgEz uPpuNQQYpz xPub-yQYY gO-
XxYOYpzKzgPpE Py OKzuSgpo YpogpYE, ENrEzKpzgKx YffPQz SKE rYYp BYBguKzYB zP BYJYxPXgpo
YffiugYpz EgpoxY-zSQYKBYB gOXxYOYpzKzgPpE. hPQ gpEzKpuY, RSYzzU Yz Kx. [104] XQPXPEY
ENuS Kp gOXxYOYpzKzgPp yPQ zSY .FMV XxKzyPQO. VSY KNzSPQE BYzKgx zSY EzYXE QYjNgQYB
yPQ xPubgpo zSY PQBYQ rPPb ZSYp KuuYEEgpo gz yQPO ONxzgXxY zSQYKBE uPpuNQQYpzxU,
EgOgxKQxU zP PNQ rKEYxgpY uPKQEY-oQKgp xPubgpo KxoPQgzSO.
Ip KBBgzgPp zP zSY OPBYxE yPQ oYpYQKzgpo PQBYQE zSKz ZY OYpzgPpYB gp RYuzgPp 6.4,
EYJYQKx KNzSPQE gpJYEzgoKzYB zSY swjrvTBa Py PQBYQ rPPbE. TNKpo Yz Kx. [58] XQPXPEY
K OKQbYz EgONxKzPQ zP SYxX uPOXNzY YHYuNzgPp uPEzE Py uPOXxYH zQKBgpo EzQKzYogYE.
VSYU BP EP rU JgYZgpo zSY PQBYQ rPPb KE K AKQbPJ uSKgp KpB rU KEENOgpo zSKz zSY
gpzYpEgzgYE Py zSY PQBYQ flPZE BYXYpB PpxU Pp zSY uNQQYpz EzKzY Py zSY PQBYQ rPPb. DPpz
Yz Kx. [36] XQPXPEY NEgpo K uPpzgpNPNE-zgOY EzPuSKEzgu OPBYx, uKXzNQgpo bYU YOXgQguKx
XQPXYQzgYE Py PQBYQ rPPb BUpKOguE. WxzYQpKzgJYxU, wYQuSYJKx Yz Kx. [70] NEY K OKuSgpY
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xYKQpgpo yQKOYZPQb zP rNgxB K xYKQpgpo OPBYx yPQ YKuS PQBYQ rPPb OYzQgu ZgzS zSY
SYxX Py ONxzg-uxKEE ENXXPQz JYuzPQ OKuSgpYE.
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"WQ XénPjé, iV SwVTPQ PTvOnjV vVL,

iN XOiOQjé I’NnnPXVn yLffij à jOLj."

WxrYQz DKONE, Ah VwUXh sh HTawpXh

3
UGvzitMzmPMmzZ RzDKQtQDGQGE

SXTa BXrpUhm Ta trahs Wj r prphm UXrU gra pmhyTWkaqw pktqTaXhs:

UGvzitMzmPMmzZ RzDKQtQDGQGE vDz oPiaiIaZ ODGMZGM-TitZC ADmMQGE: YziXZ-

lDzF iGC LGiautQt. Ip zLf 2012: 12UX ZjUhmjrUTWjrq HwvpWaTkv Wj zhUgWmo

LWvpkUTjR rjs fppqTBrUTWja, XKoYE 228-235, DKOrQgBoY, AW, mRW, WNo 2012. IMMM.

3.1 UGMzDCmPMQDG

VSY XNrxgES/ENrEuQgrY (iNr/RNr) uPOONpguKzgPp OPBYx [41] gE QYuPopgvYB KE PpY Py
zSY KXXQPKuSYE Py uSPguY yPQ zSY uPpEzQNuzgPp Py xKQoY-EuKxY uPOXxYH KXXxguKzgPpE. qU
BYuPNXxgpo zSY uPOONpguKzgPp rYzZYYp XQPBNuYQE KpB uPpENOYQE Py gpyPQOKzgPp rPzS
gp EXKuY KpB zgOY, gz SgBYE zSY uPOXxYHgzU Py gpyPQOKzgPp QPNzgpo rYzZYYp KXXxguKzgPp
uPOXPpYpzE KpB XQYEYpzE K EgOXxYQ, BKzK-uYpzQgu JgYZ zP XQPoQKOOYQE. VSY XNrxgESYQE
Py gpyPQOKzgPp EYpB XNrxguKzgPpE, PQ hyhjUa, zP zSY EUEzYO ZSguS gE zSYp QYEXPpEgrxY yPQ
BgEXKzuSgpo zSYO zP zSY ENrEuQgrYQE ZSP XQYJgPNExU YHXQYEEYB zSYgQ gpzYQYEz gp zSPEY
YJYpzE. tpY NENKxxU BgEzgpoNgESYE rYzZYYp iNr/RNr EUEzYOE rKEYB Pp zSY OPBYx NEYB
yPQ YHXQYEEgpo gpzYQYEzE, rU OYKpE Py ENrEuQgXzgPpE EYpz zP zSY EUEzYO. SWpTB-trahs
iNr/RNr, Pp zSY PpY SKpB, XQPJgBYE K EYz Py XQYBYfipYB UWpTBa. IOXxYOYpzKzgPpE KQY
zUXguKxxU ENXXPQzYB rU K oQPNX OYOrYQESgX XQPzPuPx KpB KXXxguKzgPp-xYJYx ONxzguKEz
ZgzSgp zSY oQPNX. DPpzYpz-rKEYB iNr/RNr, Pp zSY PzSYQ SKpB, KxxPZE YHXQYEEgpo
ENrEuQgXzgPpE KE XQYBguKzYE Pp zSY BWjUhjU Py YJYpzE. VSgE uSKXzYQ yPuNEYE Pp zSY

23



OWiHMZz 3. UGvzitMzmPMmzZ RzDKQtQDGQGE

uPpzYpz-rKEYB iNr/RNr OPBYx. VSgE OPBYx, ZSgxY OPQY YHXQYEEgJY, gE KxEP OPQY
uPOXxYH zP ENXXPQz. mpxgbY zPXgu-rKEYB iNr/RNr, gz gE pPz XPEEgrxY zP XQY-uPOXNzY
zSY EYz Py ENrEuQgrYQE ZSP Zgxx rY gpzYQYEzYB gp K ogJYp EYz Py YJYpzE: fiqUhmTjR Py YJYpzE
KoKgpEz zSY ENrEuQgXzgPpE ONEz rY XYQyPQOYB yPQ YKuS pYZ YJYpz.
eY KEENOY gp zSgE uSKXzYQ zSKz zSY uPpzYpz-rKEYB fixzYQgpo gE ENXXPQzYB rU K EYz Py
BYBguKzYB EYQJYQE PQ tmWohma, KE gOXxYOYpzYB yPQ gpEzKpuY gp RgYpK [27], iWLGMR [63]
KpB lFYz [30]. VSY rQPbYQE pYYB zP YEzKrxgES KpB OKgpzKgp uPOONpguKzgPp uSKppYxE
ZgzS zSY XNrxgESYQE gp PQBYQ zP QYuYgJY pYZ YJYpzE, KpB ZgzS ENrEuQgrYQE zP BgEXKzuS
OKzuSgpo YJYpzE KpB QYuYgJY ENrEuQgXzgPpE KpB uKpuYxxKzgPpE. MKuS rQPbYQ gOXxYOYpzE
zSY BWjUhjU fiqUhmTjR PXYQKzgPp rU vrUBXTjR Kxx zSY YJYpzE KoKgpEz gzE EYz Py EzPQYB
ENrEuQgXzgPpE.
iQPJgBgpo EuKxKrxY ENXXPQz yPQ uPpzYpz-rKEYB iNr/RNr QYjNgQYE rYgpo KrxY zP EuKxY
zSQYY PXYQKzgPpE: (1) uPOONpguKzgPp yQPO zSY XNrxgESYQE, (2) uPOONpguKzgPp yQPO
KpB zP zSY ENrEuQgrYQE, KpB (3) OKzuSgpo zSY XNrxguKzgPpE KoKgpEz zSY ENrEuQgXzgPpE.
VSY QYEPNQuYE Py YKuS gpBgJgBNKx EYQJYQ uPOXPEgpo zSY gpyQKEzQNuzNQY KQY PrJgPNExU
uPpEzQKgpYB, KpB zSY rKpBZgBzS yPQ SKpBxgpo uPOONpguKzgPpE zP KpB yQPO XNrxgESYQE
KpB ENrEuQgrYQE gE KxEP xgOgzYB. APQYPJYQ, zSY pNOrYQ Py uPppYuzgPpE KpU EgpoxY EYQJYQ
uKp SKpBxY gE uPpEzQKgpYB rU tR-EXYugfiu xgOgzKzgPpE, KpB zSY xgOgzYB XQPuYEEgpo XPZYQ
yPQ zSY OKzuSgpo PXYQKzgPp KffYuzE zSY fixzYQgpo BYxKU. WuSgYJgpo EuKxKrgxgzU QYjNgQYE
EXxgzzgpo zSY xPKB Py zSY zSQYY KyPQYOYpzgPpYB PXYQKzgPpE EP KE zP EYKOxYEExU EuKxY KE
zSY pNOrYQ Py XNrxgESYQE, ENrEuQgrYQE, XNrxguKzgPpE KpB ENrEuQgXzgPpE JKQgYE.
ODGMzQImMQDGt. Ip zSgE uSKXzYQ, ZY yPuNE Pp zSY XQPJgEgPpgpo Py K EuKxKrxY gpyQKEzQNu-
zNQY yPQ uPpzYpz-rKEYB iNr/RNr EUEzYOE. APQY XQYugEYxU, ZY XQPXPEY KpB BYEuQgrY
K oYpYQgu KQuSgzYuzNQY zSKz EPxJYE zSY EuKxKrgxgzU KEXYuzE Py uPpzYpz-rKEYB QPNzgpo
EUEzYOE KpB ESPZ SPZ zSgE gpyQKEzQNuzNQY EuKxYE gp K XQKuzguKx EYzzgpo. eY YHXYuz zSY
QYENxzE zP SYxX BYEgopYQE KpB YpogpYYQE BYzYQOgpY zSY QYjNgQYOYpzE Py zSY uPppYuzgPp,
QPNzgpo, KpB fixzYQgpo PXYQKzPQE KE zSY xPKB JKQgYE. VSY ZPQb XQYEYpzYB gp zSgE uSKXzYQ
gE uPpuYXzNKx gp pKzNQY KpB XKQz Py K xKQoYQ XQPnYuz ZSPEY oPKx gE zSY gOXxYOYpzKzgPp
Py K yKEz, EuKxKrxY KpB EYuNQY uPpzYpz-rKEYB iNr/RNr EUEzYO.
SmMaQGZ. VSY QYOKgpgpo Py zSgE uSKXzYQ gE PQoKpgvYB KE yPxxPZE. RYuzgPp 3.2 XQYEYpzE
zSY gpyQKEzQNuzNQY KpB BYfipYE gzE PXYQKzPQE. RYuzgPp 3.3 BYEuQgrYE SPZ zP EuKxY
zSY uPOXPpYpzE Py PNQ oYpYQgu KQuSgzYuzNQY yPQ uPpzYpz-rKEYB QPNzgpo. RYuzgPp 3.4
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oYpYQKxgvYE PNQ KXXQPKuS zP K EzKoY-BQgJYp BYEgop. RYuzgPp 3.5 XQYEYpzE YHXYQgOYpzKx
QYENxzE, RYuzgPp 2.1.1 BgEuNEEYE QYxKzYB ZPQb, KpB fipKxxU RYuzgPp 3.6 uPpuxNBYE.

3.2 UGvzitMzmPMmzZ xDCZa iGC LttmXHMQDGt

Ip zSgE EYuzgPp, ZY BYEuQgrY PNQ oYpYQgu KQuSgzYuzNQY KE ZYxx KE gzE rKEgu PXYQKzPQE
QYjNgQYB yPQ K uPpzYpz-rKEYB EUEzYO. tNQ iNr/RNr KQuSgzYuzNQY OPBYx gE PQoKpgvYB
ZgzS K uPxxYuzgPp Py PXYQKzPQE PQoKpgvYB gp EzKoYE, QYENxzgpo gp K BgQYuzYB KuUuxgu
oQKXS zQKJYQEYB rU YJYQU XNrxguKzgPp yQPO K XNrxgESYQ zP vYQP PQ OPQY ENrEuQgrYQE.
eY XQYEYpz PNQ ZPQbgpo KEENOXzgPpE gp RYuzgPpE 3.2.1 KpB 3.2.2, KpB BYEuQgrY zSY
KQuSgzYuzNQY EzKQzgpo yQPO RYuzgPp 3.2.3.

3.2.1 ODXXmGQPiMQDG LttmXHMQDGt

Ip PQBYQ zP KpKxUvY zSY uPOONpguKzgPp uPpEzQKgpzE Py zSY iNr/RNr KQuSgzYuzNQY, ZY NEY
zSY tWkjshs vkqUT-pWmU uPOONpguKzgPp OPBYx [56], ZSguS xgOgzE zSY zPzKx KOPNpz Py
BKzK zSKz K pPBY uKp ahjs KpB/PQ mhBhTyh XYQ zgOY Npgz. VSgE gE K QYKxgEzgu KEENOXzgPp,
KpB gpzNgzgJYxU zSY rPNpB uPQQYEXPpBE zP zSY rKpBZgBzS uKXKugzU Py zSY pPBY’E pYzZPQb
uKQB. VSY flPZ Py BKzK PNz Py zSY uKQB uKp rY YgzSYQ BgQYuzYB zP K EgpoxY xgpb PQ EXxgz
KOPpo EYJYQKx xgpbE (xgbYZgEY yPQ zSY flPZ Py BKzK zP zSY uKQB) SYpuY zSY ONxzg-XPQz
SUXPzSYEgE. RgONxzKpYPNE EYpBE KpB QYuYgJYE KQY KxxPZYB KE xPpo KE zSY rPNpB gE
EKzgEfiYB. Ip zSY QYOKgpgpo Py zSgE uSKXzYQ, zSY ONxzg-XPQz uPpEzQKgpz gE BYpPzYB KE zSY
rKpBZgBzS uKX.
eY KxEP KEENOY zSKz zSY uPOONpguKzgPp uKXKugzU rYzZYYp zSY PXYQKzPQE gE SPOPoY-
pYPNE (g.Y., EKOY pYzZPQb xgpbE, rNz uPppYuzgpo OKuSgpYE ZgzS SYzYQPoYpYPNE EXYYBE
KpB pYzZPQb uKQBE). VSgE KEENOXzgPp gE QYKxgEzgu gy zSY zKQoYzYB BYXxPUOYpz YpJgQPp-
OYpz gE ZgzSgp K EgpoxY BKzK uYpzYQ. VSY EzNBU Py K ZgBY-KQYK EUEzYO PJYQ zSY IpzYQpYz
Zgxx rY uPpEgBYQYB gp yNzNQY ZPQb.

3.2.2 JDzFaDiC LttmXHMQDGt

eY KEENOY zSKz zSY zSQPNoSXNz Py gpuPOgpo ENrEuQgXzgPpE KpB uKpuYxxKzgPpE gE pYoxgogrxY
uPOXKQYB zP zSY zSQPNoSXNz Py XNrxguKzgPpE. VSgE gE QYXQYEYpzKzgJY Py iNr/RNr
KXXxguKzgPpE KpB ZPQbxPKBE, ZSYQY ENrEuQgXzgPpE QYOKgp NpuSKpoYB yPQ xPpo XYQgPBE Py
zgOYE ZSgxY XNrxguKzgPpE KQY uPpEzKpzxU flPZgpo zSQPNoS zSY EUEzYO. eY KxEP KEENOY
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hgoNQY 3.1 – W iNrxgESYQ IpzYQuPppYuzgPp iPgpz PXYQKzPQ (iIi).
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{publications + 
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stream

subscriptions 
stream

p

Subscribers

hgoNQY 3.2 – W RNrEuQgrYQ IpzYQuPppYuzgPp iPgpz PXYQKzPQ (RIi).

zSKz zSY OKuSgpYE BPgpo zSY fixzYQgpo SKJY YpPNoS gpuPOgpo rKpBZgBzS, gp PzSYQ
ZPQBE zSKz zSY fixzYQgpo XQPuYEE gE uPEzxgYQ zSKp zSY QPNzgpo Py zSY XNrxguKzgPpE KpB
ENrEuQgXzgPpE. hgpKxxU, ZY QYKxgEzguKxxU KEENOY zSKz zSY EzQYKO Py XNrxguKzgPpE zP KpU
ogJYp ENrEuQgrYQ BPYE pPz YHuYYB zSY rKpBZgBzS uKX Py PNQ EUEzYO uPOXPpYpzE.

3.2.3 UGMZzPDGGZPMQDG RDQGMt

bktqTaXhm ZjUhmBWjjhBUTWj bWTjUa (iIiE) KpB HktaBmTthm ZjUhmBWjjhBUTWj bWTjUa (RIiE),
gxxNEzQKzYB gp hgoNQYE 3.1 KpB 3.2, KQY zSY uPppYuzgPp XPgpzE zP zSY iNr/RNr EUEzYO
yPQ XNrxgESYQE KpB ENrEuQgrYQE, QYEXYuzgJYxU. eY KEENOY zSKz zSY uPppYuzgPp rYzZYYp K
NEYQ (YgzSYQ K XNrxgESYQ PQ K ENrEuQgrYQ) KpB gzE uPQQYEXPpBgpo gpzYQuPppYuzgPp XPgpz gE
phmaTaUhjU (Y.o., VDi). tpY uKp pPzY zSKz zSgE gE pYuYEEKQU yPQ zSY RIiE KE ENrEuQgrYQE
OKU rY xPuKzYB rYSgpB K FWV PQ fiQYZKxx, g.Y., pPz QYKuSKrxY BgQYuzxU.
iIiE QYuYgJY XNrxguKzgPpE yQPO uPppYuzYB XNrxgESYQE, ZSguS KQY zSYp QPNzYB zP zSY
KXXQPXQgKzY PXYQKzPQE gp zSY EUEzYO. MKuS ENrEuQgrYQ gE uPppYuzYB zP K EgpoxY RIi zP
QYuYgJY OKzuSgpo XNrxguKzgPpE KpB EYpB gzE ENrEuQgXzgPpE KpB uKpuYxxKzgPpE. APQYPJYQ,
RIiE KQY QYEXPpEgrxY yPQ uSYubgpo ENrEuQgrYQE uQYBYpzgKxE yPQ QYuYgJgpo XNrxguKzgPpE, gy
KpU.
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Mp

s1, s2, …

p sss

publications 
stream

{publications + 
matching subs} stream

state :
{subscription + next hop} list

hgoNQY 3.3 – W AKzuSgpo PXYQKzPQ (A).

Iz ESPNxB rY pPzYB zSKz zSY iIiE KpB RIiE uPNxB rY OYQoYB gpzP K EgpoxY PXYQKzPQ
zUXY OKgpzKgpgpo XYQEgEzYpz uPppYuzgPpE zP KpB yQPO zSY NEYQE. TPZYJYQ, yPQ EgOXxgugzU
KpB EuKxKrgxgzU XNQXPEYE ZSYp zSY zSQPNoSXNz yQPO zSY XNrxgESYQE oQYKzxU BgffYQE yQPO
zSY zSQPNoSXNz zP zSY ENrEuQgrYQE, ZY EYXKQKzY iIiE yQPO RIiE.

3.2.4 xiMPWQGE SHZziMDzt

VrUBXTjR WphmrUWma (A), gxxNEzQKzYB gp hgoNQY 3.3, QYuYgJY EzQYKOE Py XNrxguKzgPpE KpB
OKzuS zSYO KoKgpEz zSYgQ xPuKx EYz Py ENrEuQgXzgPpE. A PXYQKzPQE PNzXNz zSY OKzuSgpo
XNrxguKzgPpE KpB zSY xgEz Py ENrEuQgrYQE ZSP ESPNxB QYuYgJY zSYO. VSY XYQyPQOKpuY
Py Kp A PXYQKzPQ BYXYpBE Pp EYJYQKx yKuzPQE xgbY zSY EgvY KpB uPOXxYHgzU Py YJYpzE
KpB ENrEuQgXzgPpE, zSY zPzKx pNOrYQ Py ENrEuQgXzgPpE, KpB zSY QYxKzgPpESgXE rYzZYYp
ENrEuQgXzgPpE zSYOEYxJYE (Y.o., “uPpzKgpOYpz” QYxKzgPpE uKp rY NEYB yPQ EXYYBgpo NX
zSY fixzYQgpo XQPuYEE). RNuS K uPOXxYH rYSKJgPQ KXXYKQE JYQU BgffiuNxz zP KpKxUvY, rNz
gp XQKuzguY ZgzS xKQoY EUEzYOE ZY uKp OPBYx zSY XQPuYEEgpo EXYYB Py zSY A PXYQKzPQE
QYKEPpKrxU ZYxx KE K yNpuzgPp Py zSY EgvY Py gzE BKzKEYz (EYz Py EzPQYB ENrEuQgXzgPpE).

3.2.5 BQtHiMPWZzt

RgpuY ZY ZKpz zP BYEgop K OPBNxKQ KpB EuKxKrxY KQuSgzYuzNQY, ZY ZKpz zSY iIiE,
AE KpB RIiE zP EuKxY gpBYXYpBYpzxU. VSYQYyPQY, ZY pYYB gpzYQOYBgKQU PXYQKzPQE,
uKxxYB sTaprUBXhma (L), zP uPQQYuzxU QPNzY zSY OYEEKoYE rYzZYYp zSY gpzYQuPppYuzgPp
XPgpzE KpB zSY OKzuSgpo PXYQKzPQE. LgEXKzuSYQE YpENQY zSY zQKpEOgEEgPp Py OYEEKoYE
gpBYXYpBYpzxU Py zSY pNOrYQ Py PXYQKzPQE, zSY pNOrYQ Py zQKpEOgzzYB OYEEKoYE, PQ
zSY uPOXxYHgzU Py zSY OKzuSgpo PXYQKzgPp. VSYU uKp NEY BgffYQYpz uPOONpguKzgPp
QPNzgpYE, ENuS KE fjwBraU KpB VkqUTBraU. LgEXKzuSYQE KQY BYEuQgrYB gp OPQY BYzKgxE
gp zSY pYHz EYuzgPp, KpB PNQ YpzgQY yQKOYZPQb, gzE PXYQKzPQE, KpB gzE uPpEzQKgpzE yPQ
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hgoNQY 3.4 – tNQ oYpYQgu KQuSgzYuzNQY, gzE PXYQKzPQE, KpB gzE uPpEzQKgpzE ZSYp QPNzgpo
XNrxguKzgPpE.

QPNzgpo zSY XNrxguKzgPpE yQPO zSY XNrxgESYQE zP zSY ENrEuQgrYQE KQY ENOOKQgvYB gp
hgoNQY 3.4.

3.3 oPiaQGE MWZ UGvzitMzmPMmzZ

iQPJgEgPpgpo K EuKxKrxY fixzYQgpo gpyQKEzQNuzNQY QYjNgQYE zKbgpo gpzP KuuPNpz K xKQoY
pNOrYQ Py XKQKOYzYQE xgbY zSY pNOrYQ Py XNrxgESYQE KpB ENrEuQgrYQE, zSY zSQPNoSXNz
Py gpuPOgpo XNrxguKzgPpE KpB ENrEuQgXzgPpE, KpB zSY fixzYQgpo xPKB Pp zSY OKzuSgpo
PXYQKzPQE. iQPJgEgPpgpo QYjNgQYE EPxJgpo zSY yPxxPZgpo XQPrxYOE. hgQEz, ZY ONEz
BYzYQOgpY ZSYp zP EuKxY NX PQ EuKxY BPZp YKuS XKQz Py zSY gpyQKEzQNuzNQY. RYuPpB,
yPQ K ogJYp ZPQbxPKB, ZY ONEz fipB zSY uPpfioNQKzgPp zSKz uKp ENEzKgp zSY fixzYQgpo
KpB uPOONpguKzgPp uPEzE rNz NEY KE yYZ PXYQKzPQE (KpB zSNE, OKuSgpYE) KE XPEEgrxY.
Ip zSgE uSKXzYQ, ZY uPpEgBYQ zSY zSQPNoSXNz Py zSY XNrxguKzgPpE, zSY JPxNOY Py zSY
ENrEuQgXzgPpE, zSY OYOPQU Py zSY OKzuSgpo PXYQKzPQE, KpB zSY uPOXxYHgzU Py zSY
fixzYQgpo XQPuYEE. WE OYpzgPpYB gp RYuzgPp 3.2, ZY KEENOY zSKz zSY zSQPNoSXNz Py zSY
ENrEuQgXzgPpE KpB uKpuYxxKzgPpE gE pYoxgogrxY KpB zSKz ENrEuQgXzgPpE KpB uKpuYxxKzgPpE
uKp rY QPNzYB zP zSY OKzuSgpo PXYQKzPQE Kz K pYoxgogrxY uPEz.
tNQ EUEzYO KQuSgzYuzNQY KpB gzE PXYQKzPQE KQY ESPZp gp hgoNQY 3.5. Ip zSY QYEz Py zSY
EYuzgPp, ZY BYEuQgrY SPZ zP EuKxY YKuS Py zSY EUEzYO uPOXPpYpzE.

3.3.1 oPiaQGE lQMW RmIaQtWZzt iGC omItPzQIZzt

WE YHXxKgpYB gp RYuzgPp 3.2.3, zSY iIi KpB RIi PXYQKzPQE KQY BgQYuzxU uPppYuzYB
zP XNrxgESYQE KpB ENrEuQgrYQE, QYEXYuzgJYxU. VSY pNOrYQ Py PXYp XYQEgEzYpz uPppYu-
zgPpE yQPO zSY NEYQE (XNrxgESYQE KpB ENrEuQgrYQE) gE xgOgzYB zP zSY pNOrYQ Py VDi
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hgoNQY 3.5 – APBNxKQ EzKoY-BQgJYp iNr/RNr KQuSgzYuzNQY KpB YHKOXxY XKzS yPxxPZYB
rU K XNrxguKzgPp j EYpz rU XNrxgESYQ A2 KpB Py gpzYQYEz zP s1, s3, KpB s4.

M1

M2

M3

s1, s2, s3,
s4, s5, s6

DP

p

p

p s5s2

s1, s2, s3,
s4, s5, s6

s1, s2, s3,
s4, s5, s6

anycast

hgoNQY 3.6 – iKQzgzgPpgpo XNrxguKzgPpE.

uPppYuzgPpE, zUXguKxxU K yYZ SNpBQYBE Pp OPEz EUEzYOE. VSNE, pYZ IpzYQuPppYuzgPp
iPgpzE PXYQKzPQE ONEz rY uQYKzYB gy Kxx zSY uPppYuzgPpE KQY zKbYp, KpB IpzYQuPppYuzgPp
iPgpzE PXYQKzPQE uKp rY OYQoYB KE zSY pNOrYQ Py NEYQE oPYE BPZp (KEENOgpo zSKz zSY
PXYQKzPQE SKJY YpPNoS KJKgxKrxY rKpBZgBzS).

3.3.2 oPiaQGE lQMW RmIaQPiMQDGt (xiMPWQGE ODGtMziQGMt)

Ip zSgE EYuzgPp, ZY uPpEgBYQ zSY EuKxgpo Py zSY OKzuSgpo PXYQKzPQE ZSYp zSYU uKppPz
KuuPOOPBKzY Kxx zSY gpuPOgpo XNrxguKzgPpE. DPpEgBYQ K EgpoxY OKzuSgpo PXYQKzPQ. WE
zSY XNrxguKzgPpE zSQPNoSXNz gpuQYKEYE, gz ONEz rY uxPpYB gy gzE jNYNY gpuQYKEYE KpB gz
uKp pP xPpoYQ fixzYQ zSY XNrxguKzgPpE yKEzYQ zSKp zSYU KQQgJY. VSgE gE KuSgYJYB rU OYKpE
Py pktqTBrUTWj prmUTUTWjTjR, KE gxxNEzQKzYB gp hgoNQY 3.6. VSY PQgogpKx OKzuSgpo PXYQKzPQ
gE uxPpYB, KpB Kxx uPXgYE KQY uPppYuzYB rU K BgEXKzuSYQ Ph . eY EKU uxPpYE rYuKNEY
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Kxx zSY pYZ OKzuSgpo PXYQKzPQE ONEz rY XQPJgBYB ZgzS zSY yNxx EYz Py ENrEuQgXzgPpE
OKpKoYB rU zSY PQgogpKx OKuSgpY. VSY BgEXKzuSYQ EXxgzE zSY gpuPOgpo EzQYKO Py
XNrxguKzgPpE KOPpo zSY OKzuSgpo PXYQKzPQE NEgpo KpUuKEz PXYQKzgPpE. MKuS YJYpz gE
fixzYQYB rU K EgpoxY OKzuSgpo PXYQKzPQ, QYENxzgpo gp K fixzYQgpo xPKB QYBNuYB rU K yKuzPQ
YjNKx zP zSY pNOrYQ Py A PXYQKzPQE (zSQYY gp hgoNQY 3.6) gy zSYU Kxx SKJY zSY EKOY
EXYYB. Iz ESPNxB rY pPzYB zSKz ENrEuQgXzgPpE KpB uKpuYxxKzgPpE ONEz rY vkqUTBraU zP
Kxx zSY OKzuSgpo PXYQKzPQE gp PQBYQ zP bYYX K uPpEgEzYpz KpB uPOXxYzY JgYZ Py zSY
ENrEuQgXzgPp EYz.
cYz aP rY zSY pNOrYQ Py XNrxguKzgPpE zSKz uKp rY OKzuSYB rU zSY OKzuSgpo PXYQKzPQ
pP XYQ zgOY Npgz yPQ g ∈ {1, 2, 3, . . .}, KpB xYz S rY zSY XNrxguKzgPp zSQPNoSXNz Py Kxx
zSY XNrxgESYQE gp zSY EUEzYO XYQ zgOY Npgz. egzSPNz xPEE Py oYpYQKxgzU, ZY KEENOY
zSKz a1 ≥ a2 ≥ a3 ≥ . . . , g.Y., zSKz zSY OKzuSgpo PXYQKzPQE KQY EPQzYB rU EXYYB gp
BYuQYKEgpo PQBYQ. Iy aP = am yPQ Kxx g 6= m, zSYp zSY pNOrYQ Py OKzuSgpo PXYQKzPQE
QYjNgQYB zP EXxgz zSY XNrxguKzgPp xPKB gE Kz xYKEz d r

S1
e. Iy zSY OKzuSgpo EXYYB Py zSY A

PXYQKzPQE gE SYzYQPoYpYPNE, YKuS Py zSYO Zgxx QYuYgJY K BgffYQYpz ESKQY Py zSY gpuPOgpo
XNrxguKzgPp zSQPNoSXNz. VP OgpgOgvY zSY pNOrYQ Py OKzuSgpo PXYQKzPQE gp ENuS K
EuYpKQgP, ZY EPQz zSYO rU zSYgQ EXYYB KpB EYxYuz zSY yKEzYEz PpYE. VSY pNOrYQ Py
OKzuSgpo PXYQKzPQE QYjNgQYB zP EXxgz zSY EzQYKO Py XNrxguKzgPpE gE Kz xYKEz zSY EOKxxYEz
m ENuS zSKz

m∑
P=1

aP ≥ S .
BuGiXQP tPiaQGE: RuKxgpo zSY pNOrYQ Py OKzuSgpo PXYQKzPQE KE zSY XNrxguKzgPpE
zSQPNoSXNz JKQgYE gE BPpY NEgpo K uxKEEguKx zSQYESPxB OYuSKpgEO. RgpuY zSY uQYKzgPp Py
K pYZ OKzuSgpo PXYQKzPQ KpB zSY EUpuSQPpgvKzgPp Py gzE xgEz Py ENrEuQgXzgPpE uKp rY
K uPEzxU PXYQKzgPp, PpY uKppPz ZKgz yPQ zSY EKzNQKzgPp Py Kp PXYQKzPQ rYyPQY EYzzgpo
NX K pYZ PpY. VSYQYyPQY, gy zSY gpuPOgpo zSQPNoSXNz YHuYYBE zSY NXXYQ zSQYESPxB
(Y.o., 75% Py zSY KuSgYJKrxY zSQPNoSXNz), zSYp PpY Py zSY OKzuSgpo PXYQKzPQE gE uxPpYB.
cgbYZgEY, gy zSY gpuPOgpo zSQPNoSXNz BYuQYKEYE rYxPZ zSY xPZYQ zSQYESPxB (Y.o., 25%
Py zSY KuSgYJKrxY zSQPNoSXNz), zSYp PpY Py zSY OKzuSgpo PXYQKzPQE gE BgEuKQBYB.

3.3.3 oPiaQGE lQMW omItPzQHMQDGt

WE zSY pNOrYQ Py ENrEuQgXzgPpE gpuQYKEYE, zSY zgOY pYYBYB zP fixzYQ PpY XNrxguKzgPp
gpuQYKEYE. hNQzSYQOPQY, EzPQgpo OPQY ENrEuQgXzgPpE zSKp uKp fiz gp zSY OKgp OYOPQU
Py K OKzuSgpo PXYQKzPQ uKp xYKB zP K EgopgfiuKpz BQPX gp XYQyPQOKpuY. VSNE, ZY
xgOgz zSY EgvY Py zSY ENrEuQgXzgPp xgEz bYXz Kz YKuS OKzuSgpo YpogpY NEgpo aktaBmTpUTWj
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hgoNQY 3.7 – iKQzgzgPpgpo ENrEuQgXzgPpE.

prmUTUTWjTjR, KE gxxNEzQKzYB gp hgoNQY 3.7. eSYp K OKzuSgpo PXYQKzPQ p QYKuSYE zSgE
OYOPQU xgOgz, gz gE QYXxKuYB rU K pYZ EYz Py OKzuSgpo PXYQKzPQE KpB zSY ENrEuQgXzgPp
EYz Py zSY PQgogpKx PXYQKzPQ gE XKQzgzgPpYB KpB EXxgz KOPpo zSY pYZ PXYQKzPQE. W
BgEXKzuSYQ Px ONEz rY NEYB zP ONxzguKEz Kxx zSY gpuPOgpo XNrxguKzgPpE zP Kxx zSY
OKzuSgpo PXYQKzPQE. WxEP, ZY XPgpz PNz zSKz pYZ ENrEuQgXzgPpE ONEz rY rjwBraU zP K
EgpoxY OKzuSgpo PXYQKzPQ, PQ kjTBraU zP K EXYugfiu OKuSgpY gy K uxNEzYQgpo KxoPQgzSO
gE NEYB. DKpuYxxKzgPpE ONEz rY tmWrsBraU zP Kxx zSY OKzuSgpo PXYQKzPQE, PQ kjTBraU gy
zSYgQ KEEgopYB PXYQKzPQ gE bpPZp.
cYz |s| rY zSY pNOrYQ Py ENrEuQgXzgPpE gp zSY EUEzYO, KpB xYz MP rY zSY pNOrYQ Py
ENrEuQgXzgPpE zSKz uKp rY EzPQYB rU zSY OKzuSgpo PXYQKzPQ pP yPQ g ∈ {1, 2, 3, . . .}.
egzSPNz xPEE Py oYpYQKxgzU, ZY KEENOY zSKz M1 ≥ M2 ≥ M3 ≥ . . . . Iy MP = Mm yPQ
g 6= m, zSYp zSY EYz Py ENrEuQgXzgPpE ONEz rY XKQzgzgPpYB Pp Kz xYKEz d |n|

j1
e OKuSgpYE.

eSYp EgOXxY xgpYKQ fixzYQgpo KxoPQgzSOE KQY NEYB, XKQzgzgPpgpo zSY ENrEuQgXzgPp EYz gpzP
q ENrEYzE Py YjNKx EgvY Zgxx gpuQYKEY zSY fixzYQgpo uKXKugzU rU K yKuzPQ Py q. TPZYJYQ,
ZgzS ENr-xgpYKQ fixzYQgpo KxoPQgzSOE, fixzYQgpo K XNrxguKzgPp PJYQ q ENrEuQgXzgPp xgEzE Py
EgvY α gE gp oYpYQKx OPQY uPEzxU zSKp fixzYQgpo gz PJYQ K EgpoxY xgEz Py EgvY q · α, zSNE zSY
fixzYQgpo uKXKugzU gE ONxzgXxgYB rU K yKuzPQ EOKxxYQ zSKp zSY pNOrYQ Py A PXYQKzPQE. Iy
zSY OYOPQU EgvY gE SYzYQPoYpYPNE, zSYp zSY OgpgONO pNOrYQ Py OKzuSgpo PXYQKzPQE
yPQ zSY XKQzgzgPpYB EYz Py ENrEuQgXzgPpE gE zSY EOKxxYEz m ENuS zSKz

m∑
P=1

MP ≥ |s|.

3.3.4 BQtHiMPWQGE YQaMZzZC xZttiEZt

tpuY K XNrxguKzgPp gE fixzYQYB rU K OKzuSgpo PXYQKzPQ, gz gE yPQZKQBYB, KxPpo ZgzS
gzE xgEz Py OKzuSgpo ENrEuQgXzgPpE, zP PpY Py EYJYQKx BgEXKzuSYQE Pn NEgpo Kp KpUuKEz
PXYQKzgPp. Iz gE XPEEgrxY yPQ zSY XNrxguKzgPp zP rY yPQZKQBYB yQPO OPQY zSKp PpY
OKzuSgpo PXYQKzPQ YKuS uSPPEgpo K BgffYQYpz BgEXKzuSYQ Pn, pPpYzSYxYEE zSY xgEzE Py
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OKzuSgpo ENrEuQgXzgPpE KQY BgEnPgpz. VSY EYxYuzYB BgEXKzuSYQE Pn zSYp XKQzgzgPp zSY
ENrEuQgXzgPp xgEzE NEgpo zSY ENrEuQgrYQE KEEgopYB zP YKuS RIi PXYQKzPQ KpB yPQZKQB zSY
XNrxguKzgPp KpB gzE EOKxxYQ xgEzE Py OKzuSgpo ENrEuQgXzgPpE zP Kxx zSY KXXQPXQgKzY RIiE.
hgpKxxU, zSY RIiE ONxzguKEz zSY XNrxguKzgPp zP OKzuSgpo ENrEuQgrYQE.

3.3.5 oPiaQGE lQMW RmIaQPiMQDGt (ODXXmGQPiMQDG ODG-
tMziQGMt)

Ip K iNr/RNr EUEzYO ZgzS K xKQoY XNrxguKzgPp zSQPNoSXNz, gz gE XPEEgrxY zP EKzNQKzY zSY
rKpBZgBzS Py zSY BgEXKzuSYQE KpB gpzYQuPppYuzgPp XPgpzE, gp ZSguS uKEY zSY pNOrYQ Py
PXYQKzPQE ONEz rY gpuQYKEYB. eSYp K BgEXKzuSYQ Py zUXY Ph ONEz rY KBBYB, Kxx zSY
iIiE ONEz rY KrxY zP KpUuKEz XNrxguKzgPpE zP gz. hNQzSYQOPQY, zSY pYZ BgEXKzuSYQ
ONEz rY KrxY zP KpUuKEz XNrxguKzgPpE zP Kxx zSY BgEXKzuSYQE Py zUXY Px KpB zP Kxx zSY
OKzuSgpo PXYQKzPQE uPpzKgpgpo zSY uPOXxYzY EYz Py ENrEuQgXzgPpE. eSYp K BgEXKzuSYQ
Py zUXY Pn ONEz rY KBBYB, Kxx zSY OKzuSgpo PXYQKzPQE ONEz rY KrxY zP KpUuKEz zSY
XNrxguKzgPpE KpB zSY xgEzE Py OKzuSgpo ENrEuQgXzgPpE zP gz. VSY pYZ BgEXKzuSYQ Pn

ONEz KxEP rY KrxY zP yPQZKQB zSY XNrxguKzgPpE KpB zSY xgEzE Py ENrEuQgXzgPpE zP Kxx zSY
RIi PXYQKzPQE.
VSY BgEXKzuSYQE Pn KpB Ph ONEz EuKxY gpBYXYpBYpzxU rYuKNEY zSY gpuPOgpo KpB
PNzoPgpo zSQPNoSXNz Py zSY OKzuSgpo PXYQKzPQE uKp rY jNgzY BgffYQYpz. APQY XQYugEYxU,
KxzSPNoS zSY PNzoPgpo zSQPNoSXNz BYXYpBE Pp zSY gpuPOgpo zSQPNoSXNz, gz KxEP
BYXYpBE Pp zSY uSKQKuzYQgEzguE Py zSY ENrEuQgXzgPp EYz: K yYZ oYpYQKx ENrEuQgXzgPpE uKp
oYpYQKzY OPQY PNzoPgpo rKpBZgBzS zSKp K xKQoY EYz Py JYQU EYxYuzgJY ENrEuQgXzgPpE
zSKz PpxU OKzuS K zgpU ENrEYz Py zSY XNrxguKzgPpE.

3.3.6 RmMMQGE gKZzuMWQGE sDEZMWZz

hgoNQY 3.5 ESPZE zSY XKzS yPxxPZYB rU K XNrxguKzgPp j yQPO XNrxgESYQ A2 OKzuSgpo zSY
EYz Py ENrEuQgXzgPpE {s1, s3, s4}. VSY XNrxguKzgPp gE fiQEz QPNzYB zP zSY iIi KEEgopYB zP
A2. Iz gE zSYp yPQZKQBYB zP PpY Py zSY BgEXKzuSYQE Ph , ZSguS zSYp zQKpEOgzE gz zP Px .
VSY XNrxguKzgPp ONEz zSYp rY fixzYQYB ZgzS zSY YpzgQY EYz Py ENrEuQgXzgPpE, zSNE Px

ONxzguKEzE gz zP zSY OKzuSgpo PXYQKzPQE p1, p2, KpB p3. VSY pYHz EzYX gE zSY fixzYQgpo
XQPuYEE: EgpuY j OKzuSYE {s1, s3, s4}, p1 KpUuKEzE {j, {s1}} zP PpY Py zSY BgEXKzuSYQE
Pn KpB p2 KpUuKEzE {j, {s3, s4}}. VSY zPX BgEXKzuSYQ Pn yPQZKQBE {j, {s1}} zP zSY
RIi KEEgopYB zP s1. VSY rPzzPO BgEXKzuSYQ Pn QYuYgJYE {j, {s3, s4}}, rNz EgpuY s3
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3.4. L oMiEZ-BzQKZG LzPWQMZPMmzZ

KpB s4 KQY pPz KEEgopYB zSY EKOY RIi, zSY BgEXKzuSYQ ONEz EXxgz zSY ENrEuQgXzgPpE: gz
EYpBE {j, {s3}} zP zSY zPX RIi KpB {j, {s4}} zP zSY rPzzPO RIi. hgpKxxU, zSY zPX RIi
uPpJYUE j zP s1 KpB s3 ZSgxY zSY rPzzPO RIi uPpJYUE j zP s4.

3.4 L oMiEZ-BzQKZG LzPWQMZPMmzZ

Ip zSY XQYJgPNE zZP EYuzgPpE, ZY SKJY EYYp SPZ zP XQPJgEgPp zSY gpzYQuPppYuzgPp XPgpzE,
OKzuSgpo PXYQKzPQE, KpB BgEXKzuSYQE gpBYXYpBYpzxU. qPzS XKQzgzgPpgpo KXXQPKuSYE yPQ
EuKxgpo zSY OKzuSgpo PXYQKzPQE, g.Y., XNrxguKzgPp KpB ENrEuQgXzgPp XKQzgzgPpgpo, SKJY
KBJKpzKoYE KpB BQKZrKubE KpB ESPNxB zSYQYyPQY rY uPOrgpYB zP EXxgz zSY xPKB Py YgzSYQ
ENrEuQgXzgPpE PQ XNrxguKzgPpE Kz BgffYQYpz EzKoYE Py zSY fixzYQgpo XgXYxgpY KE gz gpuQYKEYE.
DPpJYQEYxU, K QYBNuzgPp Py zSY EUEzYO xPKB uKp QYENxz gp XKQzE Py zSY EUEzYO uPxxKXEgpo
gpzP K EOKxxYQ pNOrYQ Py PXYQKzPQE. RNuS K EzKoY-BQgJYp KQuSgzYuzNQY, ZSYp uPOrgpYB
ZgzS K OPpgzPQgpo EUEzYO, uKp ENXXPQz zSY BUpKOgu EuKxgpo Py QYEPNQuYE KuuPQBgpo
zP zSY KuzNKx xPKB YHXYQgYpuYB rU zSY fixzYQgpo gpyQKEzQNuzNQY. VSgE gE EgOgxKQ zP zSY
YxKEzgu uPOXNzgpo OPBYx KEEPugKzYB zP uxPNB uPOXNzgpo: zSY KOPNpz Py QYEPNQuYE gE
BUpKOguKxxU KBKXzYB zP zSY uNQQYpz KXXxguKzgPp pYYBE.
eY pPZ YHXxKgp NEgpo K EgOXxY YHKOXxY SPZ zP EuKxY Kxx zSY QYEPNQuYE PXzgOKxxU ZSgxY
QYEXYuzgpo zSY JKQgPNE uPpEzQKgpzE Py zSY EUEzYO. DPpEgBYQ fiQEz zSY EgOXxYEz iNr/RNr
EUEzYO uPOXPEYB Py PpY iIi, PpY Ph BgEXKzuSYQ, PpY OKzuSgpo PXYQKzPQ, PpY Pn

BgEXKzuSYQ, KpB PpY RIi. 1 RzKQzgpo yQPO zSgE EgOXxY EYzNX, zSY KBOgpgEzQKzPQ Py K pYZ
iNr/RNr EUEzYO ZKpzE zP EuKxY gz rU KBBgpo OKuSgpYE (PXYQKzPQE) EP KE zP ENEzKgp
K ogJYp pNOrYQ Py uPppYuzYB XNrxgESYQE KpB ENrEuQgrYQE. Ip EPOY uKEYE, zSgE uKp rY
xgpbYB zP CPR oNKQKpzYYE, yPQ gpEzKpuY gy ENrEuQgrYQE XKU yPQ K OgpgONO oNKQKpzYYB
zSQPNoSXNz.

3.4.1 UGMZzPDGGZPMQDG RDQGMt RzDKQtQDGQGE iGC oPiaiIQaQMu

VSY fiQEz EzYX gE zP XQPJgEgPp zSY gpzYQuPppYuzgPp XPgpzE zP rY KrxY zP EuKxY NX zP zSY
OKHgONO pNOrYQ Py YHXYuzYB NEYQE. eSYp K pYZ XNrxgESYQ ZKpzE zP uPppYuz zP
zSY iNr/RNr EUEzYO, zSY OPpgzPQ EYKQuSYE yPQ K iIi zSKz SKE pPz QYKuSYB gzE VDi
xgOgz pPQ gzE rKpBZgBzS uKX. Iy PpY gE yPNpB, zSYp zSY pYZ XNrxgESYQ uPppYuzE zP gz.
tzSYQZgEY, K pYZ iIi gE EzKQzYB. FPzY zSKz XNrxgESYQE ZgzS JYQU xKQoY zSQPNoSXNz

1 SvW GkJMaeLvWwJ awW Ipe WiWI IWLWJJawj ae evW xWskIIkIs.
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QYjNgQYOYpzE uKp rY uPppYuzYB zP OPQY zSKp PpY iIi. Iy zSY gpuPOgpo XNrxguKzgPp
zSQPNoSXNz Py K iIi gpuQYKEYE zP zSY XPgpz Py EKzNQKzgPp, K pYZ iIi gE KxEP uQYKzYB,
KpB zSY VDi uPppYuzgPpE Py zSY EKzNQKzYB iIi KQY EXxgz ZgzS zSY pYZ PpY.
eSYp K XNrxgESYQ xYKJYE zSY EUEzYO, zSY OPpgzPQ uSYubE zSY NEKoY Py zSY iIiE (pNOrYQ
Py VDi uPppYuzgPpE KpB rKpBZgBzS). Iy XPEEgrxY, K iIi gE QYOPJYB KpB gzE VDi
uPppYuzgPpE OPJYB zP PzSYQ iIiE. WE OYpzgPpYB gp zSY XQYJgPNE EYuzgPp, Kxx zSY iIiE
ONEz rY KrxY zP KpUuKEz zSY XNrxguKzgPpE zP KpU PD BgEXKzuSYQ.
VSY ENrEuQgXzgPp gpzYQuPppYuzgPp XPgpzE KQY XQPJgEgPpYB EgOgxKQxU. eSYp K pYZ
ENrEuQgrYQ ZKpzE zP uPppYuz zP zSY EUEzYO, zSY OPpgzPQ KoKgp xPPbE yPQ K RIi zSKz uKp
ENXXPQz zSY KBBgzgPpKx VDi uPppYuzgPp KpB zSY KBBgzgPpKx rKpBZgBzS, KpB gy pPpY gE
KJKgxKrxY K pYZ RIi gE uQYKzYB. RIiE uKp KxEP rY uQYKzYB PQ QYOPJYB KE zSY gpuPOgpo
zSQPNoSXNz uPOgpo yQPO zSY OKzuSgpo PXYQKzPQE JKQgYE.

3.4.2 xiMPWZzt, BQtHiMPWZzt RzDKQtQDGQGE iGC oPiaiIQaQMu

eY pPZ BYEuQgrY SPZ zP EuKxY zSY OKzuSgpo PXYQKzPQE KE zSY pNOrYQ Py XNrxguKzgPpE
KpB ENrEuQgXzgPpE flNuzNKzYE.

qoDPDHQDRHPDuo: uoA hHPTsDoO ugAyHPuy.
Wz zSY rYogppgpo, PpxU PpY OKzuSgpo PXYQKzPQ p gE KuzgJKzYB KpB uPppYuzYB zP zSY
zZP BgEXKzuSYQE Ph KpB Pn. WE zSY pNOrYQ Py ENrEuQgXzgPpE gpuQYKEYE, A EzPQYE
zSYO gpzP gzE BKzKrKEY KpB gzE fixzYQgpo XYQyPQOKpuY BYuQYKEYE. hNQzSYQOPQY, KE zSY
XNrxguKzgPp zSQPNoSXNz gpuQYKEYE, EP BPYE zSY fixzYQgpo xPKB. Wz EPOY XPgpz, A gE pPz
xPpoYQ KrxY zP fixzYQ zSY gpuPOgpo XNrxguKzgPpE KpB XKQzgzgPpgpo gE QYjNgQYB.

vDyWP gHyPDPDuoDoO QAwAQ: gXVQDTHPDuo gHyPDPDuoDoO.
eSYp OKzuSgpo PXYQKzPQE NEgpo ENr-xgpYKQ fixzYQgpo KxoPQgzSOE KQY EKzNQKzYB, gz gE
NENKxxU rYzzYQ zP QYBNuY zSY pNOrYQ Py OYEEKoYE XQPuYEEYB XYQ PXYQKzPQ zSKp zP QYBNuY
zSY pNOrYQ Py ENrEuQgXzgPpE EzPQYB Pp YKuS PXYQKzPQ (EYY RYuzgPp 3.5 yPQ OPQY BYzKgxE).
VSNE, ZY NEY XNrxguKzgPp XKQzgzgPpgpo KE ONuS KE XPEEgrxY.
fgJYp uYQzKgp zSQYESPxBE, ZSYp K OKzuSgpo PXYQKzPQ uKppPz fixzYQ zSY XNrxguKzgPpE
yKEzYQ zSKp zSYU KQQgJY KpB gzE OYOPQU gE pPz yNxx, zSYp XNrxguKzgPp XKQzgzgPpgpo gE
gpgzgKzYB. VSY NEY Py zSQYESPxBE gE gOXPQzKpz zP KxxPZ YpPNoS zgOY yPQ zSY BYXxPUOYpz
Py zSY pYZ PXYQKzPQE. WE zSY EXYYB Py zSY OKzuSgpo PXYQKzPQE gE pPz SPOPoYpYPNE, YKuS
PXYQKzPQ QYuYgJYE K ESKQY Py zSY gpuPOgpo XNrxguKzgPpE XQPXPQzgPpKx zP gzE uPOXNzgpo
XPZYQ.
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Iy zSY flPZ Py gpuPOgpo XNrxguKzgPpE BYuQYKEYE, zSY EUEzYO OKU rYuPOY PJYQNEYB.
Rzgxx ogJYp K zSQYESPxB, zSY OPpgzPQ uPOXKQYE zSY gpuPOgpo zSQPNoSXNz ZgzS zSY
XPzYpzgKx fixzYQgpo EXYYB Py zSY OKzuSgpo PXYQKzPQE KpB BYugBYE ZSYzSYQ PQ pPz PpY Py
zSY PXYQKzPQE uKp rY QYOPJYB.

kATuoi gHyPDPDuoDoO QAwAQ: WXVWTyDgPDuo gHyPDPDuoDoO.
iNrxguKzgPp XKQzgzgPpgpo KxPpY uKppPz rY BPpY gpBYfipgzYxU, KE YJYp ZgzS uPOXxYH
fixzYQgpo KxoPQgzSOE zSYQY YHgEzE K XPgpz KyzYQ ZSguS zSY fixzYQgpo XYQyPQOKpuY EzPXE zP
rY ENr-xgpYKQ (KoKgp, EYY RYuzgPp 3.5 yPQ OPQY BYzKgxE). mEgpo K OYOPQU zSQYESPxB (Y.o.,
75%), ZY zSNE OPpgzPQ zSY OYOPQU Py zSY OKzuSgpo PXYQKzPQE KpB gpgzgKzY ENrEuQgXzgPp
XKQzgzgPpgpo PpuY PpY Py zSYO gE EKzNQKzYB
VSY ENrEuQgXzgPpE ONEz rY EXxgz EP zSKz Kxx zSY XKQzgzgPpYB OKzuSgpo PXYQKzPQE SKJY
QPNoSxU zSY EKOY fixzYQgpo EXYYB. hPQ gpEzKpuY, gy K pKgJY xgpYKQ fixzYQgpo KxoPQgzSO gE
NEYB KpB Kxx zSY PXYQKzPQE SKJY zSY EKOY XQPuYEEgpo XPZYQ, zSYp zSY ENrEuQgXzgPpE
uKp EgOXxU rY EXxgz YjNKxxU gp QKpBPO yKESgPp. Iy OPQY uPOXxYH fixzYQgpo KxoPQgzSOE
YHXxPgzgpo QYxKzgPpESgXE rYzZYYp ENrEuQgXzgPpE KQY NEYB KpB gy zSY EYz Py ENrEuQgXzgPpE
gE EXxgz QKpBPOxU, gz gE XPEEgrxY zP PrzKgp K rKB EXxgz, yPQugpo zSY pYHz ENrEuQgXzgPp
XKQzgzgPpgpo zP rY BPpY EPPpYQ. VP PJYQuPOY zSgE, K uxNEzYQgpo KxoPQgzSO uKp rY
NEYB yPQ EXxgzzgpo ENrEuQgXzgPpE, KpB BUpKOgu QYuPpfioNQKzgPp uKp rY NEYB zP OPJY
ENrEuQgXzgPpE yQPO zSY ExPZYEz OKzuSgpo PXYQKzPQE zP zSY yKEzYEz PpYE.
WE ENrEuQgXzgPpE KQY uKpuYxYB, zSY OPpgzPQ uSYubE gy zSY OYOPQU Py zSY OKzuSgpo
PXYQKzPQE gE NpBYQNEYB. Iy zSY QYOKgpgpo ENrEuQgXzgPpE uKp rY EzPQYB Pp xYEE OKuSgpYE
(KxZKUE ogJYp K zSQYESPxB), zSYp PpY Py zSY PXYQKzPQE gE BgEuKQBYB KpB gzE ENrEuQgXzgPp
EYz gE BgEXKzuSYB zP zSY PzSYQE.
tNQ fipKx KQuSgzYuzNQY, KoKgp ESPZp gp hgoNQY 3.5, uKp EuKxY ZgzS zSY pNOrYQ Py
XNrxgESYQE, zSY pNOrYQ Py XNrxguKzgPpE, zSY pNOrYQ Py ENrEuQgrYQE, zSY pNOrYQ Py
ENrEuQgXzgPpE, KpB zSY pNOrYQ Py OKzuSYB XNrxguKzgPpE.

3.5 ghHZzQXZGMia AZtmaMt

Ip zSgE EYuzgPp, ZY EzNBU SPZ zSY OgpgONO pNOrYQ Py QYjNgQYB OKzuSgpo PXYQKzPQE
JKQgYE NpBYQ BgffYQYpz xPKB EuYpKQgPE, rNz fiQEz ZY BgEuNEE SPZ zSY PXzgOKx XKQzgzgPpgpo
BYXYpBE Pp zSY fixzYQgpo KxoPQgzSO KpB zSY ENrEuQgXzgPp EYz.
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hgoNQY 3.8 – iNrxguKzgPp fixzYQgpo zgOY Py zSY RIMFW KxoPQgzSO KE zSY EgvY Py zSY
ENrEuQgXzgPp EYz JKQgYE.

Iy K pKgJY fixzYQgpo KxoPQgzSO zYEzgpo YKuS XNrxguKzgPp KoKgpEz Kxx EzPQYB ENrEuQgXzgPpE
gE NEYB, PQ OPQY oYpYQKxxU gy zSY zgOY QYjNgQYB zP fixzYQ K XNrxguKzgPp rU K OKzuSgpo
PXYQKzPQ gE xgpYKQxU BYXYpBYpz Pp zSY pNOrYQ Py EzPQYB ENrEuQgXzgPpE, zSYp KpU
XKQzgzgPpgpo Zgxx QYENxz gp QPNoSxU zSY EKOY pNOrYQ Py QYjNgQYB OKzuSgpo PXYQKzPQE.
TPZYJYQ, ENrEuQgXzgPp XKQzgzgPpgpo QYjNgQYE zP BNXxguKzY zSY EzQYKO Py XNrxguKzgPpE
KpB gpuQYKEYE zSY uPOONpguKzgPp xPKB gp zSY EUEzYO. Iz gE zSYQYyPQY XQYyYQKrxY zP
EzPQY KE OKpU ENrEuQgXzgPpE KE XPEEgrxY XYQ OKzuSgpo PXYQKzPQ KpB zP XKQzgzgPp zSY
XNrxguKzgPpE. RNrEuQgXzgPp XKQzgzgPpgpo gE PpxU BPpY gy KrEPxNzYxU pYuYEEKQU.
IpzYQYEzgpoxU, zSgE gE pPz KxZKUE zSY uKEY ZSYp OPQY uPOXxYH fixzYQgpo KxoPQgzSOE KQY
NEYB, yPQ gpEzKpuY KxoPQgzSOE YHXxPgzgpo uPpzKgpOYpz QYxKzgPpESgXE rYzZYYp ENrEuQgX-
zgPpE. RNuS KxoPQgzSOE KQY ENrxgpYKQ ZgzS K EOKxx pNOrYQ Py ENrEuQgXzgPpE rNz uKp
rYuPOY gpuQYKEgpoxU gpYffiugYpz KE zSY ENrEuQgXzgPp EYz gpuQYKEYE. VSgE PuuNQE ZSYp zSY
OKzuSgpo OYOPQU EKzNQKzYE BNY zP zSY NEY Py XKogpo Kz zSY tR xYJYx, ZSguS yPQuYE
zSY PXYQKzPQ zP EZKX. WBBgpo zSY uPOXxYHgzU Py zSY fixzYQgpo KxoPQgzSO, zSgE QYENxzE
gp K EgopgfiuKpz XYQyPQOKpuY BYoQKBKzgPp. hPQ ENuS EUEzYOE, gz uKp rY XQYyYQKrxY pPz
zP YHXxPgz zSY YpzgQY OYOPQU Py zSY OKzuSgpo PXYQKzPQE, YJYp gy zSgE gpuQYKEYE zSY
pNOrYQ Py uxPpYB XNrxguKzgPpE gp zSY EUEzYO.
hPQ PNQ EgONxKzgPpE, ZY KEENOY zSKz PNQ uPpzYpz-rKEYB iNr/RNr EUEzYO SKE 1000
XNrxgESYQE, YKuS Py zSYO zQKpEOgzzgpo 10 XNrxguKzgPpE XYQ EYuPpB. VSY XNrxguKzgPp
zSQPNoSXNz gE zSYQYyPQY 104 XNrxguKzgPpE XYQ EYuPpB. eY KxEP KEENOY zSKz zSY PX-
YQKzPQE’ rKpBZgBzS gE ENffiugYpz, zSNE ZY BgEQYoKQB zSY pNOrYQ Py BgEXKzuSYQE KpB
gpzYQuPppYuzgPp XPgpzE, KpB PpxU yPuNE Pp zSY OgpgONO pNOrYQ Py QYjNgQYB OKzuSgpo
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hgoNQY 3.9 – AgpgONO pNOrYQ Py OKzuSgpo PXYQKzPQE QYjNgQYB KE zSY OYOPQU EgvY
KpB zSY zPzKx pNOrYQ Py EUEzYO ENrEuQgXzgPpE JKQU (XKQz 1).

PXYQKzPQE. eY NEY zSY RIMFW [27] uPpzYpz-rKEYB fixzYQgpo KxoPQgzSO. eY oYpYQKzY
ENrEuQgXzgPp EYzE Py JKQgPNE EgvYE KpB K uPxxYuzgPp Py YJYpzE NEgpo zSY ZPQbxPKB oYpYQKzPQ
XQPJgBYB rU zSY KNzSPQE Py RIMFW, KpB uKXzNQY zSY KJYQKoY OKzuSgpo EXYYB zSQPNoS
YHXYQgOYpzE Pp PNQ PZp uxNEzYQ. VSY QYENxzE KQY ESPZp gp hgoNQY 3.8.
hPQ PNQ EgONxKzgPpE, ZY KEENOY zSKz PNQ uPpzYpz-rKEYB iNr/RNr EUEzYO SKE 1000
XNrxgESYQE, YKuS Py zSYO zQKpEOgzzgpo 10 XNrxguKzgPpE XYQ EYuPpB. VSY XNrxguKzgPp
zSQPNoSXNz gE zSYQYyPQY 104 XNrxguKzgPpE XYQ EYuPpB. eY KxEP KEENOY zSKz zSY PX-
YQKzPQE’ rKpBZgBzS gE ENffiugYpz, zSNE ZY BgEQYoKQB zSY pNOrYQ Py BgEXKzuSYQE KpB
gpzYQuPppYuzgPp XPgpzE, KpB PpxU yPuNE Pp zSY OgpgONO pNOrYQ Py QYjNgQYB OKzuSgpo
PXYQKzPQE. eY NEY zSY RIMFW [27] uPpzYpz-rKEYB fixzYQgpo KxoPQgzSO. eY oYpYQKzY
ENrEuQgXzgPp EYzE Py JKQgPNE EgvYE KpB K uPxxYuzgPp Py YJYpzE NEgpo zSY ZPQbxPKB oYpYQKzPQ
XQPJgBYB rU zSY KNzSPQE Py RIMFW, KpB uKXzNQY zSY KJYQKoY OKzuSgpo EXYYB zSQPNoS
YHXYQgOYpzE Pp PNQ PZp uxNEzYQ. VSY QYENxzE KQY ESPZp gp hgoNQY 3.8.
wpPZgpo zSY EXYYB Py zSY OKzuSgpo PXYQKzPQE, hgoNQY 3.9 XQYEYpzE zSY OgpgONO
QYjNgQYB pNOrYQ Py OKzuSgpo PXYQKzPQE KE K yNpuzgPp Py zSY pNOrYQ Py ENrEuQgXzgPpE
gp zSY EUEzYO. VSY yPNQ uNQJYE QYEXYuzgJYxU NEY OKzuSgpo PXYQKzPQE ZgzS ENrEuQgXzgPp
xgEzE Py EgvY 102, 103, 104, KpB 105. hgoNQY 3.10 ESPZE zSY OgpgONO pNOrYQ Py
OKzuSgpo PXYQKzPQE KE K yNpuzgPp Py zSY OKHgONO pNOrYQ Py EzPQYB XNrxguKzgPpE XYQ
PXYQKzPQ. VSY yPNQ uNQJYE NEY 103, 104, 105, KpB 106 ENrEuQgXzgPpE gp zSY EUEzYO.
VSY OKgp QYENxz gE zSKz yPQ uPpzYpz-rKEYB iNr/RNr EUEzYOE ZgzS pPp-pKgJY fixzYQgpo
KxoPQgzSOE, BYEgopYQE ESPNxB XKU uxPEY KzzYpzgPp zP zSY pNOrYQ Py EzPQYB ENrEuQgXzgPp
XYQ OKzuSgpo PXYQKzPQ. mEgpo zPP yYZ PQ zPP OKpU ENrEuQgXzgPpE XYQ PXYQKzPQ uKp

37



OWiHMZz 3. UGvzitMzmPMmzZ RzDKQtQDGQGE

10
0

10
1

10
2

10
3

10
4

10
2

10
3

10
4

10
5

M
a
tc

h
in

g
 o

p
e
ra

to
rs

 r
e
q
u
ir
e
d

Subscriptions stored per operator

10
3
 total subs

10
4
 total subs

10
5
 total subs

10
6
 total subs

hgoNQY 3.10 – AgpgONO pNOrYQ Py OKzuSgpo PXYQKzPQE QYjNgQYB KE zSY OYOPQU EgvY
KpB zSY zPzKx pNOrYQ Py EUEzYO ENrEuQgXzgPpE JKQU (XKQz 2).

EgopgfiuKpzxU gpuQYKEY zSY pNOrYQ Py OKzuSgpo PXYQKzPQE QYjNgQYB zP ENXXPQz zSY
XNrxguKzgPp zSQPNoSXNz.

3.6 omXXizu

DPpzYpz-rKEYB iNr/RNr KQuSgzYuzNQYE KQY rYuPOgpo gpuQYKEgpoxU gOXPQzKpz yPQ JKQgPNE
QYKEPpE. RNuS KQuSgzYuzNQYE uKp YKEgxU rY BYXxPUYB Pp uxNEzYQE PQ XQgJKzY uxPNBE
ZgzSgp uPOXKpgYE, rNz zSY OKgp uSKxxYpoY gE zP EuKxY zSYO ZgzS KXXxguKzgPp-EXYugfiu
QYjNgQYOYpzE: zSQPNoSXNz, xKzYpuU, pNOrYQ Py XNrxgESYQE KpB ENrEuQgrYQE, Yzu.
Ip zSgE uSKXzYQ, ZY SKJY XQPXPEYB K flYHgrxY KpB oYpYQgu EzKoY-BQgJYp KQuSgzYuzNQY
yPQ EuKxgpo K uPpzYpz-rKEYB iNr/RNr EUEzYO uPOrgpgpo BgEXKzuSYQE, gpzYQuPppYuzgPp
XPgpzE KE ZYxx KE XNrxguKzgPp KpB ENrEuQgXzgPp XKQzgzgPpgpo. eY SKJY KpKxUvYB SPZ
zP XQPJgEgPp ENuS Kp KQuSgzYuzNQY gp PQBYQ zP OYYz KXXxguKzgPp-xYJYx uPpEzQKgpzE ZSgxY
OgpgOgvgpo zSY pNOrYQ Py OKuSgpYE gpJPxJYB. qYEgBYE zSY yQKOYZPQb gzEYxy, ZY SKJY
ESPZp zSKz ZSYp ENr-xgpYKQ fixzYQgpo KxoPQgzSOE KQY NEYB Pp xKQoY uPpzYpz-rKEYB
iNr/RNr EUEzYOE, BYJYxPXYQE ONEz YEzgOKzY zSY PXzgOKx EgvY Py zSY ENrEuQgXzgPpE
xgEzE KE KuuNQKzYxU KE XPEEgrxY gp PQBYQ zP OgpgOgvY zSY zPzKx pNOrYQ Py OKzuSgpo
YpogpYE QYjNgQYB. tNQ OKgp oPKx yPQ yNzNQY ZPQb gE zP YHzYpB zSY KQuSgzYuzNQY yPQ zSY
BYXxPUOYpz Py ZgBY-KQYK iNr/RNr EUEzYOE PJYQ zSY IpzYQpYz.
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"mjLIc wNnI qwNj PQjVnVyjy cOL jwV TOyj PQ jwV TOyj

LQIPySPviPQVI, PnnVXVnVQj NQI OnPuPQNi TNQQVn vOyyPgiV."

GguSKQB i. hYUpOKpp

4
oPiaiIQaQMu iGC RZzvDzXiGPZ

SXTa BXrpUhm Ta trahs Wj r prphm UXrU gra pmhyTWkaqw pktqTaXhs:

oMzZiXfmI: i XittQKZau HiziaaZa izPWQMZPMmzZ vDz WQEW-HZzvDzXiGPZ

PDGMZGM-IitZC HmIaQtW/tmItPzQIZ. aAWP LHgAy fCHyi. Ip dYiH 2013: 7UX

fLV TjUhmjrUTWjrq BWjuhmhjBh Wj dTaUmTtkUhs hyhjU-trahs awaUhva, XKoYE 63–74
WQxgpozPp, Vl, mRW, dNxU 2013. WDA.

4.1 UGMzDCmPMQDG

DPpzYpz-rKEYB XNrxgES/ENrEuQgrY (XNr/ENr) [41] gE K EzQPpo uPpzYpBYQ yPQ PffYQgpo
Kp YffiugYpz, UYz jrUkmrq uPOONpguKzgPp XKQKBgoO zP BYJYxPXYQE Py xKQoY-EuKxY KXXxg-
uKzgPpE. Iz ENXXPQzE BYuPNXxYB gpzYQKuzgPpE rYzZYYp zSY XQPBNuYQE (pktqTaXhma) KpB
zSY uPpENOYQE (aktaBmTthma) Py gpyPQOKzgPp rU zSY OYKpE Py OYEEKoYE (pktqTBrUTWja).
LYuPNXxgpo PuuNQE rPzS gp zYQOE Py EXKuY KpB zgOY: XNrxgESYQE KpB ENrEuQgrYQE BP
pPz pYYB zP bpPZ zSY YHgEzYpuY PQ gBYpzgzU Py PpY KpPzSYQ, KpB pP XKQzguNxKQ EUpuSQP-
pgvKzgPp rYzZYYp zSYO gE pYuYEEKQU. VSYU PpxU uPOONpguKzY gpBgQYuzxU zSQPNoS K
pkt/akt awaUhv. Iz gE zSY QYEXPpEgrgxgzU Py zSgE EUEzYO zP mWkUh XNrxguKzgPpE yQPO zSY
XNrxgESYQE zP gpzYQYEzYB ENrEuQgrYQE. GPNzgpo gE rKEYB Pp aktaBmTpUTWja QYogEzYQYB rU
zSY ENrEuQgrYQE zP YHXQYEE zSYgQ gpzYQYEz gp EXYugfiu uPpzYpz. VSY PXYQKzgPp Py vrUBXTjR

zSY uPpzYpz Py zSY XNrxguKzgPpE KoKgpEz zSY ENrEuQgXzgPpE EzPQYB gp zSY EUEzYO gE uKxxYB
BWjUhjU fiqUhmTjR.
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W zUXguKx NEY Py XNr/ENr EUEzYOE gE yPQ uPOXPEgpo K uPxxYuzgPp Py gpBYXYpBYpz KX-
XxguKzgPpE QNppgpo Pp BgffYQYpz KBOgpgEzQKzgJY BPOKgpE PQ oYPoQKXSguKx xPuKzgPpE.
DPOONpguKzgPp rYzZYYp zSYEY KXXxguKzgPpE zKbYE XxKuY JgK K uPOOPp XNr/ENr EYQJguY
QNppgpo Pp K EYz Py shsTBrUhs ahmyhma, zUXguKxxU EYz NX gp K pktqTB BqWks PQ K BqkaUhm

hEkTpphs gTUX r pktqTB rssmhaa, gpzYQuPppYuzYB zSQPNoS K xPuKx KQYK pYzZPQb KpB
YHXPEgpo KuuYEE XPgpzE zP uxgYpz KXXxguKzgPpE.
VSY BYuPNXxYB KpB BKzK-uYpzQgu pKzNQY Py zSY XNr/ENr uPOONpguKzgPp OPBYx KxxPZE
yPQ EYKOxYEE gpzYoQKzgPp KpB YJPxNzgPp Py xKQoY-EuKxY KXXxguKzgPpE. W zUXguKx YHKOXxY
gE PWH VWjTUWmTjR ra r HhmyTBh [98], ZSYQY Kp KXXxguKzgPp QNppgpo Pp K XQgJKzY uxPNB
gE OPpgzPQYB KpB bYU XYQyPQOKpuY gpBguKzPQE (wiIE) KQY oYpYQKzYB KE XNrxguKzgPpE.
VSYEY wiIE KQY XQPXKoKzYB zP K zSgQB-XKQzU OPpgzPQgpo EYQJguY, rKEYB Pp ENrEuQgXzgPpE
oYpYQKzYB yQPO K EYQJguY xYJYx KoQYYOYpz (RcW) gp PQBYQ zP BYzYuz JgPxKzgPpE Py zSgE
RcW. DPOONpguKzgPp zKbYE XxKuY JgK K XNr/ENr EYQJguY BYXxPUYB Pp K XNrxgu uxPNB
KuuYEEgrxY rU rPzS XKQzgYE. tzSYQ KXXxguKzgPpE gpuxNBY Y-TYKxzS EUEzYOE [61] zSKz
rQgBoY EYJYQKx OYBguKx KpB SYKxzSuKQY gpEzgzNzgPpE ESKQgpo gpyPQOKzgPp KrPNz XKzgYpzE
uKEYE, PQ zSY uKpPpguKx YHKOXxY Py EzPub zQKBgpo [53]. eY pPzY zSKz yPQ Kxx zSYEY
KXXxguKzgPpE, zSY NEY Py K zSgQB-XKQzU gpyQKEzQNuzNQY yPQ uPOONpguKzgPp OKU QKgEY
uPpuYQpE KrPNz XQgJKuU KpB BKzK EYuNQgzU: XNrxguKzgPpE KpB ENrEuQgXzgPpE QYXQYEYpz
EYpEgzgJY BKzK zSKz ESPNxB pPz rY xYKbYB zP K zSgQB XKQzU. WE K QYENxz, hjBmwpUhs BWjUhjU

fiqUhmTjR aBXhvha SKJY oKgpYB gpzYQYEz gp zSY QYuYpz UYKQE [13, 34, 60, 61, 94] KE zSYU
ENXXPQz fixzYQgpo Py YpuQUXzYB XNrxguKzgPpE KoKgpEz YpuQUXzYB ENrEuQgXzgPpE ZgzSPNz
pYYBgpo BYuQUXzgPp. RNuS KXXQPKuSYE ENffYQ, SPZYJYQ, yQPO K SgoS uPOXNzKzgPpKx
uPEz KpB BgEKxxPZ EPOY PXzgOgvKzgPpE, gp XKQzguNxKQ zSPEY rKEYB Pp uPpzKgpOYpz
QYxKzgPpESgXE rYzZYYp ENrEuQgXzgPpE (g.Y., zSY yKuz zSKz K ENrEuQgXzgPp Zgxx OKzuS K
ENrEYz Py zSY XNrxguKzgPpE OKzuSgpo KpPzSYQ ENrEuQgXzgPp) PQ Pp zSY KooQYoKzgPp Py K
EYz Py ENrEuQgXzgPpE gpzP K EgpoxY PpY.

SIkZPMQKZt. eY KQoNY zSKz zSY bYU XQPXYQzgYE Py K XNr/ENr EUEzYO QNppgpo Pp K
XNrxgu uxPNB PQ uxNEzYQ KpB ENXXPQzgpo xKQoY-EuKxY KXXxguKzgPp uPOXPEgzgPp ESPNxB rY
KE yPxxPZE.

(1) fQEW MWzDmEWHmM iGC aDl, HzZCQPMiIaZ CZaiut. VSY QKZ XYQyPQOKpuY Py zSY
XNr/ENr EYQJguY BYXxPUYB Pp K XNrxgu uxPNB PQ uxNEzYQ ONEz rY ENffiugYpz zP ENXXPQz
BYOKpBgpo KXXxguKzgPpE, ENuS KE SgoS-yQYjNYpuU zQKBgpo PQ pYzZPQb OPpgzPQgpo. VSgE
QYjNgQYE YHXxPgzgpo XKQKxxYx XQPuYEEgpo Py gpuPOgpo ENrEuQgXzgPpE KpB XNrxguKzgPpE
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KE ONuS KE XPEEgrxY. RgpuY zSY fixzYQgpo PXYQKzgPp gzEYxy gE uPEzxU, zSY BYEgop ONEz
KJPgB fixzYQgpo Kp gpuPOgpo XNrxguKzgPp KoKgpEz K ogJYp ENrEuQgXzgPp ONxzgXxY zgOYE,
ZSguS zUXguKxxU SKXXYpE gp PJYQxKU rQPbYQE EUEzYOE. hNQzSYQOPQY, BYxKUE rYzZYYp zSY
oYpYQKzgPp Py K XNrxguKzgPp KpB gzE BgEXKzuSgpo zP gpzYQYEzYB ENrEuQgrYQE ONEz QYOKgp
Py zSY EKOY PQBYQ KE zSY BYxKU K uPNXxYB uPOONpguKzgPp rYzZYYp zSY XQPBNuYQ KpB
uPpENOYQ Py gpyPQOKzgPp ZPNxB zKbY. WE K uPQPxxKQU, zSYQY ESPNxB pPz rY EgopgfiuKpz
BYJgKzgPp gp zSY pPzgfiuKzgPp zgOY yPQ Kxx ENrEuQgrYQE gpzYQYEzYB gp K ogJYp XNrxguKzgPp.

(2) oPiaiIQaQMu. VSY KrgxgzU zP ENXXPQz gpuQYKEgpo pNOrYQE Py XNrxgESYQE/XNrxguKzgPpE,
ENrEuQgrYQE/ENrEuQgXzgPpE, KpB pPzgfiuKzgPpE, KE ZYxx KE OPQY uPOXNzKzgPpKxxU gpzYpEgJY
fixzYQgpo EuSYOYE, QYjNgQYE EYJYQKx xYJYxE Py EuKxKrgxgzU. ehmUTBrq aBrqrtTqTUw gE QYjNgQYB zP
zKbY KBJKpzKoY Py KBBgzgPpKx QYEPNQuYE KJKgxKrxY Pp K ogJYp pPBY, pPzKrxU ONxzg- KpB
OKpU-uPQY KQuSgzYuzNQYE zSKz uKp XQPuYEE zSY XNr/ENr zQKffiu gp XKQKxxYx. OWmTNWjUrq
aBrqrtTqTUw KxxPZE ENXXPQzgpo K SgoSYQ xPKB rU KBBgpo OPQY pPBYE zP zSY uxNEzYQ. IBYKxxU,
K xgpYKQ gpuQYKEY gp zSY pNOrYQ Py pPBYE ESPNxB QYENxz gp K xgpYKQ gpuQYKEY gp OKHgONO
ENXXPQzYB zSQPNoSXNz.

(3) YQaMZzQGE tPWZXZ iEGDtMQPQtX. VSY BYEgop KpB KQuSgzYuzNQY Py BgEzQgrNzYB
XNr/ENr EUEzYOE ESPNxB pPz rY BYXYpBYpz Pp K XKQzguNxKQ fixzYQgpo EuSYOY KpB gp
XKQzguNxKQ Pp zSY EYOKpzguE KpB QYXQYEYpzKzgPpE Py XNrxguKzgPpE KpB ENrEuQgXzgPpE.
APEz YHgEzgpo BgEzQgrNzYB XNr/ENr EUEzYOE [27, 30, 33, 63, 118] ENXXPQz fixzYQgpo
EuSYOYE rKEYB Pp uPpnNpuzgJY XQYBguKzYE (<, ≤, =, . . . ) PJYQ BgEuQYzY KzzQgrNzY JKxNYE
(gpzYoYQE, EzQgpoE, . . . ), KpB zSYgQ BYEgopE KQY uxPEYxU zgYB zP zSY pKzNQY Py zSgE XKQzguNxKQ
QYXQYEYpzKzgPp. VSgE KXXxgYE, yPQ gpEzKpuY, zP zSY uPpEzQNuzgPp KpB OKgpzYpKpuY Py
QPNzgpo zKrxYE rYzZYYp rQPbYQE zSKz BQgJY zSY flPZ Py XNrxguKzgPpE. VP OgpgOgvY gpzYQ-
rQPbYQ zQKffiu, zSYEY EUEzYOE zUXguKxxU QYxU Pp zSY KrgxgzU zP BYzYQOgpY uPpzKgpOYpz
QYxKzgPpESgXE rYzZYYp ENrEuQgXzgPpE KpB/PQ zP uPpEzQNuz KooQYoKzYB ENrEuQgXzgPpE.
sYz, ENuS yYKzNQYE KQY pPz KJKgxKrxY ZgzS Kxx uPpzYpz-rKEYB fixzYQgpo EuSYOYE, pPzKrxU
ZgzS YpuQUXzYB KXXQPKuSYE [13, 34, 60, 61, 94]. WE K OKzzYQ Py yKuz, zSYQY YHgEz pP
yNpBKOYpzKx QYKEPpE ZSU uPpzYpz-rKEYB QPNzgpo ESPNxB rY QYEzQguzYB zP KzzQgrNzY-
KpB XQYBguKzY-rKEYB fixzYQgpo: K XNr/ENr EYQJguY ESPNxB rY KrxY zP gpzYoQKzY JgQzNKxxU
KpU fixzYQgpo EuSYOY PXYQKzgpo Pp zSY uPpzYpz Py YHuSKpoYB BKzK NEgpo EzPQYB fixzYQE,
KE QYjNgQYB rU zSY KXXxguKzgPp. MHKOXxYE gpuxNBY pPz PpxU YpuQUXzYB fixzYQgpo yPQ
XQgJKuU XQYEYQJKzgPp, rNz KxEP EzKzgEzguKx OYzSPBE ENuS KE qKUYEgKp fixzYQgpo [100] PQ
YJYp zYOXxKzY OKzuSgpo yPQ BgogzKx gOKoYE (yPQ gpEzKpuY, yPQ yKuY QYuPopgzgPp) [23].
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VSY KQuSgzYuzNQY Py zSY XNr/ENr EUEzYO ESPNxB rY gpBYXYpBYpz Py zSY pKzNQY Py zSY
fixzYQgpo EuSYOY, ZSgxY Ezgxx KxxPZgpo yPQ EXYugfiu PXzgOgvKzgPpE Kz zSY xYJYx Py K EgpoxY
pPBY.

ODGMzQImMQDGt. Ip zSgE uSKXzYQ, ZY QYJgEgz zSY BYEgop Py K BgEzQgrNzYB uPpzYpz-rKEYB
XNr/ENr YpogpY yPQ ENXXPQzgpo SgoS zSQPNoSXNz, xPZ xKzYpuU, KpB SPQgvPpzKx KpB
JYQzguKx EuKxKrgxgzU. eY XQPXPEY K pPJYx KXXQPKuS rKEYB Pp K zgYQYB KQuSgzYuzNQY KpB
gpEXgQYB rU BKzKflPZ XQPoQKOOgpo zYuSpgjNYE, ZSguS YHXxPgzE XKQKxxYxgEO gp ZKUE
EgOgxKQ zP AKXGYBNuY [39] KpB EzQYKO XQPuYEEgpo YpogpYE gpEXgQYB yQPO gz [9, 22,
92, 107]. W EYz Py gpBYXYpBYpz PXYQKzPQE, YKuS EXKppgpo Kp KQrgzQKQU pNOrYQ Py
EYQJYQE KpB zKbgpo KBJKpzKoY Py ONxzgXxY uPQYE Pp gpBgJgBNKx EYQJYQE, gOXxYOYpz zSY
zSQYY yNpBKOYpzKx PXYQKzgPpE Py uPpzYpz-rKEYB XNr/ENr: aktaBmTpUTWj prmUTUTWjTjR,
pktqTBrUTWj fiqUhmTjR, KpB pktqTBrUTWj sTaprUBXTjR. IpzYQKuzgPpE ZgzS zSY XNr/ENr EUEzYO
KQY OKpKoYB rU K EYz Py gpBYXYpBYpz srUr BWjyhmUhma rjs BWjjhBUTWj pWTjUa (LDDi)
zSKz OKgpzKgp XYQEgEzYpz uPppYuzgPpE ZgzS uxgYpzE (XNrxgESYQE KpB ENrEuQgrYQE).
eY gOXxYOYpz PNQ KXXQPKuS gp rRdcpNkaQ, K XNr/ENr YpogpY BYEgopYB yPQ PXYQKzgpo
Pp K XNrxgu uxNEzYQ PQ uxPNB. rRdcpNkaQ xYJYQKoYE zSY QNpzgOY ENXXPQz Py Kp YHgEzgpo
EzQYKO XQPuYEEgpo YpogpY ENuS KE R4 [92], RzPQO [107], PQ RzQYKOAgpY [22]. eY NEY
zSY xKzzYQ YpogpY gp PNQ XQPzPzUXY gOXxYOYpzKzgPp.
tNQ YJKxNKzgPp Pp K uxNEzYQ ZgzS NX zP 384 uPQYE Pp 48 XSUEguKx OKuSgpYE gpBguKzYE zSKz
rRdcpNkaQ gE KrxY zP ENEzKgp SgoS-zSQPNoSXNz ZPQbxPKBE: NX zP 150 w ENrEuQgXzgPpE
QYogEzYQYB XYQ EYuPpB; KpB NX zP KxOPEz 2 w XNrxguKzgPpE fixzYQYB XYQ EYuPpB ZgzS K
XPXNxKzgPp Py 100 w EzPQYB ENrEuQgXzgPpE, QYENxzgpo gp Kp PNzXNz flPZ Py pYKQxU 400 w
pPzgfiuKzgPpE XYQ EYuPpB zP gpzYQYEzYB ENrEuQgrYQE.
eY pPzY zSKz PNQ uPpzQgrNzgPp gE pPz Pp zSY KuzNKx fixzYQgpo EuSYOY gzEYxy, ZSguS gE
ENXXPQzYB rU Kp gpBYXYpBYpz xgrQKQU zSKz uKp rY uSPEYp KQrgzQKQgxU KE xPpo KE gz
gOXxYOYpzE K EgOXxY KpB EuSYOK-PrxgJgPNE WiI. eY BYOPpEzQKzY zSY XYQyPQOKpuY
Py rRdcpNkaQ NEgpo zSY ZYxx-YEzKrxgESYB uPNpzgpo KxoPQgzSO Py RIMFW [26], KpB
ZY xYKJY zSY gpzYoQKzgPp KpB uPOXKQgEPp Py PzSYQ fixzYQgpo xgrQKQgYE, KpB gp XKQzguNxKQ
zSPEY XQPJgBgpo XQgJKuU-XQYEYQJgpo YpuQUXzYB OKzuSgpo [13, 34, 60, 61, 94], yPQ yNzNQY
ZPQb. RgOgxKQxU, ZSgxY rRdcpNkaQ gE BYEgopYB ZgzS YxKEzgu EuKxKrgxgzU gp OgpB (g.Y.,
zSY KrgxgzU zP BUpKOguKxxU KBKXz zSY pNOrYQ Py EYQJYQE KEEPugKzYB ZgzS YKuS PXYQKzPQ
KuuPQBgpo zP zSY YHXYQgYpuYB ZPQbxPKB), ZY xYKJY zSY gOXxYOYpzKzgPp Py YxKEzgu EYQJYQ
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hgoNQY 4.1 – WQuSgzYuzNQKx XQgpugXxYE.

XQPJgEgPpgpo yPQ yNzNQY ZPQb KpB uPpuYpzQKzY Pp zSY XYQyPQOKpuY KpB EuKxKrgxgzU Py
zSY KQuSgzYuzNQY ZgzS JKQgPNE EzKzgu uPpfioNQKzgPpE.

SmMaQGZ. VSY QYOKgpBYQ Py zSgE uSKXzYQ gE PQoKpgvYB KE yPxxPZE. eY ENQJYU XQYJgPNE
ZPQb Pp BgEzQgrNzYB XNr/ENr EUEzYOE gp RYuzgPp 2.1, KpB ZY XQYEYpz KpB OPzgJKzY PNQ
XQPXPEYB KQuSgzYuzNQY gp RYuzgPp 4.2. eY BYEuQgrY zSY gOXxYOYpzKzgPp Py rRdcpNkaQ

gp RYuzgPp 4.3, KE ZYxx KE zSY xgrQKQgYE NEYB gp PNQ YJKxNKzgPp yPQ fixzYQgpo XNrxguKzgPpE
KpB uxNEzYQgpo ENrEuQgXzgPpE. eY YJKxNKzY PNQ KXXQPKuS KpB uPOXKQY gz zP K rQPbYQ-
rKEYB XNr/ENr EUEzYO gp RYuzgPp 4.4, rYyPQY uPpuxNBgpo gp RYuzgPp 4.5.

4.2 LzPWQMZPMmzZ

tNQ BYEgop uSPguYE KgO Kz OKHgOgvgpo XgXYxgpY, zKEb, KpB BKzK XKQKxxYxgEO gp PQBYQ
zP ENXXPQz SgoS-zSQPNoSXNz KpB EuKxKrxY XNr/ENr. VSY QYENxzgpo KQuSgzYuzNQY ESKQYE
zSYEY BYEgop XQgpugXxYE ZgzS rgo-BKzK XQPuYEEgpo EUEzYOE ENuS KE AKXGYBNuY [39],
KpB gp XKQzguNxKQ ZgzS zSY PpxgpY OPBYxE Py uPOXNzKzgPp Pp BKzK aUmhrva zSKz ZYQY
gpEXgQYB yQPO gz [9, 22, 92, 107].
tNQ KQuSgzYuzNQY NEYE zSY rKEY uPpEzQNuzgPp XQgpugXxYE gxxNEzQKzYB rU hgoNQY 4.1. Iz
gE uPOXPEYB Py K EYz Py WphmrUWma, ESKQgpo zSY EKOY uPBY KpB ENXXPQzgpo XgXYxgpY
XKQKxxYxgEO. tXYQKzPQE KQY PQoKpgvYB KE K BgQYuzYB KuUuxgu oQKXS (LWf). DPOON-
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pguKzgPp zKbYE XxKuY gp zSY yPQO Py hyhjUa flPZgpo zSQPNoS zSY LWf Py PXYQKzPQE.
MKuS PXYQKzPQ uKp EuKxY SPQgvPpzKxxU rU NEgpo Kp KQrgzQKQU pNOrYQ Py PXYQKzPQ aqTBha,
YKuS QNppgpo Pp K BgffYQYpz EYQJYQ KpB OKpKogpo Kp gpBYXYpBYpz EzKzY. RxguYE EuKxY
JYQzguKxxU rU XKQzgzgPpgpo zSY QYuYgJYB YJYpz xPKB rYzZYYp Kxx KJKgxKrxY uPQYE Pp YKuS
EYQJYQ. VSYQY gE pP uPOONpguKzgPp PQ ESKQYB EzKzY rYzZYYp zSY ExguYE Py Kp PXYQKzPQ.
MJYpz yPQZKQBgpo rYzZYYp PXYQKzPQE uKp NEY PpY zSY zSQYY XQgOgzgJYE: rjwBraU (EYpBgpo
zP K QKpBPO ExguY Py Kp PXYQKzPQ), tmWrsBraU (EYpBgpo zP Kxx ExguYE Py Kp PXYQKzPQ), PQ
kjTBraU (EYpBgpo zP K ExguY Py Kp PXYQKzPQ uSPEYp KuuPQBgpo zP K bYU).
eY NEY K EYz Py zSQYY PXYQKzPQE. MKuS gOXxYOYpzE K BgffYQYpz KEXYuz Py zSY XNr/ENr
EYQJguY: ENrEuQgXzgPp prmUTUTWjTjR, XNrxguKzgPp fiqUhmTjR, KpB XNrxguKzgPp sTaprUBXTjR.
VSKpbE zP zSY EuKxKrgxgzU XQPXYQzgYE Py PXYQKzPQE, PpY uKp YKEgxU KBKXz zSY pNOrYQ Py
XSUEguKx OKuSgpYE KpB uPQYE zP zSY xPKB YHXYQgYpuYB rU YKuS Py zSYEY zSQYY PXYQKzgPpE.
VSgE xPKB JKQgYE ZgzS zSY pKzNQY Py zSY ZPQbxPKB, ENuS KE zSY pNOrYQ, uPOXxYHgzU,
PQ EYxYuzgJgzU Py ENrEuQgXzgPpE. VSY xPKB KxEP JKQgYE ZgzS zSY pKzNQY Py zSY fixzYQgpo
EuSYOYE. hPQ gpEzKpuY, YpuQUXzYB fixzYQgpo QYjNgQYE OPQY XQPuYEEgpo XPZYQ zSKp pPp-
YpuQUXzYB fixzYQgpo. VP ENEzKgp zSY EKOY XNrxguKzgPp zSQPNoSXNz, PpY ESPNxB KxxPuKzY
OPQY ExguYE (EYQJYQE) zP zSY XNrxguKzgPp hjBmwpUhs fiqUhmTjR PXYQKzPQ.
eY XQYEYpz gp zSgE EYuzgPp PNQ PXYQKzPQE KpB ENXXPQz OYuSKpgEOE. eY EzKQz rU
BYEuQgrgpo zSY YpBXPgpzE NEYB rU YHzYQpKx uxgYpzE zP KuuYEE rRdcpNkaQ. WyzYQZKQBE,
ZY XQYEYpz zSY PXYQKzPQE zSKz ENXXPQz uPpzYpz-rKEYB fixzYQgpo, KE ZYxx KE zSY XKQzgzgPp Py
zSY xPKB PpzP BgffYQYpz ExguYE Kz YKuS PXYQKzPQ. VSY fixzYQgpo PXYQKzgPp gzEYxy gE BYxYoKzYB
zP PpY PQ OPQY fiqUhmTjR qTtmrmTha. rRdcpNkaQ KxEP XQPJgBYE PXzgPpKx ENXXPQz yPQ
BqkaUhmTjR qTtmrmTha, ZSguS uKp XKQzgzgPp zSY EzKzY Py ENrEuQgXzgPpE gp YxKrPQKzY ZKUE
KpB EXYYB NX zSY fixzYQgpo PXYQKzgPp. WE zSYEY xgrQKQgYE KQY XxNooKrxY uPOXPpYpzE
ZSPEY KxoPQgzSOE BP pPz QYXQYEYpz pPJYx uPpzQgrNzgPpE Py zSgE uSKXzYQ, ZY BYEuQgrY
zSYO gp RYuzgPp 4.3.

4.2.1 ODGGZPMQDG sD iGC YzDX OaQZGMt

VSY XNr/ENr PXYQKzPQE KQY zUXguKxxU BYXxPUYB Pp K uxNEzYQ PQ K uxPNB, g.Y., K EYz Py
OKuSgpYE ZgzS xgOgzYB SKQBZKQY SYzYQPoYpYgzU. Ip PNQ gOXxYOYpzKzgPp, rRdcpNkaQ,
PXYQKzPQE KQY gOXxYOYpzYB NEgpo zSY EKOY xKpoNKoY (D++). WE K QYENxz, zSY gpzYQpKx
uPOONpguKzgPp KpB EYQgKxgvKzgPp yPQOKzE rYzZYYp zSY YxYOYpzE yPQOgpo zSY KQuSgzYuzNQY
uKp rY EYxYuzYB rKEYB Pp XYQyPQOKpuY uQgzYQgK. tNQ gOXxYOYpzKzgPp NEYE zSY YffiugYpz
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hgoNQY 4.2 – mEYQ JgYZ Py rRdcpNkaQ.

rgpKQU yPQOKz XQPJgBYB rU qPPEz xgrQKQgYE 1 yPQ gpzYQpKx XQPXKoKzgPp Py YJYpzE. Ip
uPpzQKEz, uxgYpzE OKU YHYuNzY Pp BgffYQYpz XxKzyPQOE KpB NEY K JKQgYzU Py xKpoNKoYE. VSY
uSPguY Py zSY YHzYQpKx yPQOKz gE zSNE BQgJYp rU gzE SKQBZKQY KpB xKpoNKoY gpBYXYpBYpuY.
tNQ gOXxYOYpzKzgPp NEYE fPPoxY iQPzPuPx qNffYQE (fiq), 2 ZSguS XQPJgBY YffiugYpz
EYQgKxgvKzgPp XQgOgzgJYE yPQ ENrEuQgXzgPpE, NpENrEuQgXzgPpE, KpB XNrxguKzgPpE ZSgxY
SgBgpo xKpoNKoY KpB XxKzyPQO SYzYQPoYpYgzU.
iNrxgESYQE KpB ENrEuQgrYQE pYYB K XYQEgEzYpz KpB XNrxgu uPppYuzgPp XPgpz zP zSY uxNEzYQ
PQ uxPNB ENXXPQzgpo zSY XNr/ENr EYQJguY. DPppYuzgpo zP KpU Py zSY pPBYE ENXXPQzgpo zSY
XNr/ENr EYQJguY gE gOXQKuzguKx gp uxPNBE (BNY zP aA OgoQKzgPpE) KpB PyzYp gOXPEEgrxY
gp uxNEzYQE (KE OPEz pPBYE BP pPz SKJY K XNrxgu Ii KBBQYEE). tNQ BYEgop yYKzNQYE
uPOXPpYpzE YHzYQpKx zP zSY PXYQKzPQE gOXxYOYpzgpo zSY XNr/ENr EYQJguY, zSKz Kuz KE
ENuS XYQEgEzYpz uPppYuzgPp XPgpzE. VSYEY KQY KxEP gp uSKQoY Py zQKpExKzgpo rYzZYYp zSY
YHzYQpKx KpB gpzYQpKx QYXQYEYpzKzgPp yPQOKz, KpB SYpuYyPQzS pKOYB drUr-LWjyhmUhm &

LWjjhBUTWj-bWTjUa PQ LDDiE. hgoNQY 4.2 XQYEYpzE K NEYQ-uYpzQgu JgYZ Py zSY EUEzYO.
DxgYpzE uPppYuz zP K LDDi JgK K phmaTaUhjU VDi uPppYuzgPp zP YpKrxY xPZ YpB-zP-YpB
BYxKU yPQ uPOONpguKzgPp ZgzS zSY XNr/ENr EYQJguY KpB, OPQY gOXPQzKpzxU, zP ENXXPQz
KEUpuSQPpPNE pPzgfiuKzgPpE Py OKzuSgpo XNrxguKzgPpE, KE uxgYpzE OKU pPz rY BgQYuzxU
QYKuSKrxY (yPQ gpEzKpuY, zSYU OKU rY xPuKzYB rYSgpB K FWV PQ fiQYZKxx). eY pPzY zSKz
zSgE XQKuzguKx gOXPEEgrgxgzU zP QYKuS uxgYpzE BgQYuzxU xgOgzE zSY KXXxguKrgxgzU Py QYZgQgpo
EuSYOYE yPQ EPxNzgPpE rKEYB Pp rQPbYQE PJYQxKUE [31–33, 79].
RYJYQKx LDDiE uKp rY NEYB yPQ zSY EKOY rRdcpNkaQ BYXxPUOYpz, Y.o., ZSYp zSY
pNOrYQ Py PXYpYB uPppYuzgPpE PQ zSY pYuYEEKQU rKpBZgBzS rYuPOYE zPP SgoS yPQ K

1 ibbZI://ccc.VllIb.lOY/
2 ibbZI://sKnKklZKOI.YllYkK.LlR/ZOlblLlk-VCGGKOI/
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mEHvBrtv JtWH zHFXvgErgty

MI
cLLWJJ
ZpkIe

XlxJLwkMekpI
jiuxdxdLkdkB

• yWLWkiWJ JlxJLwkMekpI WiWIeJ aIG GkJMaeLvWJ WaLv ep a JkIsAW
JAkLW pN aI f pMWwaepw. PMekpIaAAj aMMAkWJ JlxJLwkMekpI
LAlJeWwkIs lJkIs a kNVLkCIbKO Akxwawj.

• yWLWkiWJ MlxAkLaekpIJ, NpwQawGJ evWV ep aAA JAkLWJ pN aI f
pMWwaepw.

c
faeLvkIs

ZlxAkLaekpI fic-
xIudkB

• yWLWkiWJ JlxJLwkMekpIJ aIG NpwQawGJ evWV ep evW
kNVGNkbKO Akxwawj. SvW kNVGNkbKO Akxwawj JepwWJ evW Jlx-
JLwkMekpI aIG LpwwWJMpIGkIs JlxJLwkxWw kGWIekfiWw kI evW
pMWwaepw JAkLW JeaeW.

• yWLWkiWJ MlxAkLaekpI WiWIeJ aIG NpwQawGJ evWV ep evW
kNVGNkbKO Akxwawj, QvkLv wWelwIJ a JWe pN VaeLvkIs Jlx-
JLwkxWw kGWIekfiWwJ. SvW f pMWwaepw JAkLW NpwQawGJ WaLv
MlxAkLaekpI aIG AkJe pN VaeLvkIs JlxJLwkxWw kGWIekfiWwJ ep
evW TZ pMWwaepw xj lIkLaJe, lJkIs evW MlxAkLaekpI kGWIekfiWw
aJ YWj.

hI
Tmke ZpkIe

ZlxAkLaekpI
DdbjixOSdkB

• yWLWkiWJ a MlxAkLaekpI aIG AkJe pN VaeLvkIs JlxJLwkxWw kGWI-
ekfiWwJ. bvWI aAA AkJeJ awW wWLWkiWG, MwWMawWJ evW IpekfiLa-
ekpIJ, JMAkeJ evW AkJe pN VaeLvkIs kGWIekfiWwJ, aIG GkJMaeLvWJ
evWV ep LpwwWJMpIGkIs ghhZJ.

VKrxY 4.1 – tXYQKzPQE ENXXPQzgpo EuKxKrxY DqG.

EgpoxY OKuSgpY, ZSYp zSY uPEz Py uPpJYQEgPp uQYKzYE K rPzzxYpYub, PQ Pp zSY EKOY SPEz
ZSYp EYJYQKx pYzZPQb KBKXzYQE KQY KJKgxKrxY.

4.2.2 ODGMZGM-TitZC ADmMQGE SHZziMDzt

Ip zSgE EYuzgPp, ZY XQYEYpz zSY zSQYY PXYQKzPQE zSKz yPQO zSY BWmh hjRTjh Py PNQ EuKxKrxY
XNr/ENr KQuSgzYuzNQY. VSYEY zSQYY PXYQKzPQE KQY PQoKpgvYB KE K XgXYxgpY. VSYU KQY
xgEzYB gp VKrxY 4.1 KpB gxxNEzQKzYB rU hgoNQY 4.3, zPoYzSYQ ZgzS zSY uPOONpguKzgPp
XQgOgzgJYE NEYB yPQ XQPXKoKzgpo YJYpzE rYzZYYp zSYO. W BYzKgxYB YHKOXxY Py zSY XKzS
zKbYp rU ENrEuQgXzgPpE KpB XNrxguKzgPpE ZgzSgp zSY rRdcpNkaQ YpogpY gE ESPZp rU
hgoNQY 4.4.

LPPZtt RDQGM SHZziMDz

VSY fBBhaa bWTjU (Wi) PXYQKzPQ XxKUE zSY QPxY Py zSY gpXNz PXYQKzPQ. Iz QYuYgJYE
YJYpzE yQPO KpU Py zSY LDDiE. VSY EYxYuzgPp Py Kp Wi PXYQKzPQ ExguY rU K LDDi
gE BPpY Kz QKpBPO zP oNKQKpzYY oPPB xPKB rKxKpugpo XQPXYQzgYE. VSY QPxY Py zSY Wi
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hgoNQY 4.3 – rRdcpNkaQ XQPuYEEgpo PXYQKzPQE (xgrQKQgYE KpB EzKzYE pPz ESPZp yPQ
uxKQgzU).

PXYQKzPQ gE zP prmUTUTWj gpuPOgpo ENrEuQgXzgPpE KOPpo Kxx ExguYE Py zSY VrUBXTjR (A)
PXYQKzPQ KE yPxxPZE.
MKuS gpuPOgpo YJYpz SKE K ohw, ZSguS gE K BKzK EzQNuzNQY zSKz gpBguKzYE zSY zUXY Py
zSY uxgYpz QYjNYEz (g.Y., K pYZ ENrEuQgXzgPp, Kp NpENrEuQgXzgPp, PQ K XNrxguKzgPp). RNr-
EuQgXzgPpE KQY pPz EzPQYB rU zSY Wi PXYQKzPQ ExguYE rNz KQY gpEzYKB yPQZKQBYB zP zSY A
PXYQKzPQ zSKz gOXxYOYpzE zSY fixzYQgpo PXYQKzgPp KE ZY BYEuQgrY pYHz. tNQ KQuSgzYuzNQY
uKp EgONxzKpYPNExU ENXXPQz BgffYQYpz fixzYQgpo EuSYOYE (ENuS KE flKz JE. EzQNuzNQYB BKzK,
YpuQUXzYB XNrxguKzgPpE KpB/PQ ENrEuQgXzgPpE, BYuxKQKzgJY JE. YHYuNzKrxY fixzYQE). MKuS
fixzYQgpo EuSYOY gE ENXXPQzYB rU K EYXKQKzY A PXYQKzPQ. VSY uSPguY Py zSY BYEzgpKzgPp
PXYQKzPQ BYXYpBE Pp zSY fiqUhmTjR aBXhvh TshjUTfihm YOrYBBYB gp ENrEuQgXzgPpE. VSY
EKOY KXXxgYE zP XNrxguKzgPpE.
tpxU PpY Py zSY ExguYE Py zSY A PXYQKzPQ SPxBE KpU ogJYp ENrEuQgXzgPp. 3 Wi ExguYE SYpuY
NEY NpguKEz uPOONpguKzgPp zP EYxYuz zSY KXXQPXQgKzY A PXYQKzPQ ExguY zSKz Zgxx rY
QYEXPpEgrxY yPQ Kp gpuPOgpo ENrEuQgXzgPp. VSY BYyKNxz OYuSKpgEO QYxgYE Pp NpguKEz KpB
QPNzYE zSY ENrEuQgXzgPp rKEYB Pp zSY SKESgpo Py zSY aktaBmTpUTWj TshjUTfihm EXYugfiYB gp
YJYpz bYUE. eY pPzY zSKz zSgE EYxYuzgPp OYuSKpgEO gE aUrUhqhaa KpB mhpmWskBTtqh: Kp
NpENrEuQgXzgPp Zgxx rY QPNzYB yQPO zSY Wi zP zSY A PXYQKzPQ NEgpo NpguKEz KpB Zgxx
KQQgJY Kz zSY A PXYQKzPQ ExguY zSKz KuzNKxxU SPxBE zSY ENrEuQgXzgPp.

3 yWJkAkWILW pN JlxJLwkMekpIJ kI evW MwWJWILW pN IpGWJ NalAeJ LaI xW vaIGAWG ae evW AWiWA pN evW
lIGWwAjkIs JewWaV MwpLWJJkIs WIskIW, Npw kIJeaILW lJkIs aLekiW wWMAkLaekpI pw LvWLYMpkIe/wWMAaj
eWLvIkdlWJ.
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libcluster

Publisher

Subscriber

s

TCP

DCCP AP

anycast
M

p

TCP

DCCP AP

anycast

M

Determine key to
matching operator
using clustering

Store subscription
in operator 
slice state

libfilter

Filter publication, 
return matching
subscribers list

broadcast

M...

EP

EP ...anycast

?

DCCP

DCCP

multicast

DCCP... Subscriber

p

TCP

p

p

...
Optional

p,{s}

Publication +
subscribers

lib Library

State

O Operator (dynamic)

CBR client/user

C Static component

M

...

unicast

hgoNQY 4.4 – iKzS zKbYp rU ENrEuQgXzgPpE (zPX) KpB XNrxguKzgPpE (rPzzPO) gp zSY
rRdcpNkaQ KQuSgzYuzNQY.

WxzYQpKzgJYxU zP zSgE BYyKNxz OYuSKpgEO, zSY NEYQ uKp BYugBY zP BYyYQ EYxYuzgPp zP K
xgrQKQU, BYpPzYB rU IsdJIhSveD gp hgoNQY 4.4, ZSguS ENXXPQzE OPQY uPOXxYH yPQOE
Py ENrEuQgXzgPp uxNEzYQgpo (EYY RYuzgPp 4.3.2). W uxNEzYQgpo KxoPQgzSO uKp OKgpzKgp
K ExguY-ENXXPQzYB EzKzY, ZSguS KxxPZE yPQ BYugBgpo Pp ENrEuQgXzgPp XxKuYOYpz rKEYB
Pp zSY uPpzYpz Py zSKz ENrEuQgXzgPp. VSgE gpuNQE KBBgzgPpKx uPEzE Kz zSY Wi PXYQKzPQ
xYJYx, gp QYzNQp yPQ K rYzzYQ XYQyPQOKpuY Kz zSY A PXYQKzPQ xYJYx. Ip uKEY zSY EYxYuzgPp
OYuSKpgEO gE pPz BYzYQOgpgEzgu KpB QYXQPBNugrxY, NpENrEuQgXzgPpE pYYB zP rY rQPKBuKEz
zP Kxx ExguYE Py zSY uPQQYEXPpBgpo A PXYQKzPQ.
iNrxguKzgPpE pYYB zP rY OKzuSYB KoKgpEz Kxx ENrEuQgXzgPpE. VSYU KQY zSNE rQPKBuKEz
yQPO zSY Wi PXYQKzPQ zP Kxx ExguYE gp zSY uPQQYEXPpBgpo A PXYQKzPQ. FPzY zSKz PNQ
KQuSgzYuzNQY zKQoYzE BYXxPUOYpzE gp uxPNBE PQ uxNEzYQE, ZSguS KQY zUXguKxxU ENXXPQzYB
rU BYBguKzYB, SgoS-XYQyPQOKpuY pYzZPQb gpyQKEzQNuzNQYE. VSY rQPKBuKEz PXYQKzgPp
Py XNrxguKzgPpE gp PNQ KQuSgzYuzNQY gE BYEgopYB zP zKbY KBJKpzKoY Py zSY KJKgxKrgxgzU
Py Ii ONxzguKEz gp ENuS EYzzgpoE yPQ BgEXKzuSgpo XNrxguKzgPpE, KxzSPNoS PNQ uNQQYpz
YJKxNKzgPp BPYE pPz YHXxPgz zSgE yYKzNQY.
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xiMPWQGE SHZziMDz

VSY VrUBXTjR (A) PXYQKzPQ ENXXPQzE XNrxguKzgPp fiqUhmTjR. Wp A PXYQKzPQ gE KEEPugKzYB
ZgzS K xgrQKQU, BYpPzYB rU IsdNsIveD gp hgoNQY 4.4, PXYQKzgpo Pp zSY gpBYXYpBYpzxU-
OKgpzKgpYB EzKzY Kz YKuS Py gzE ExguYE. VSgE xgrQKQU OKzuSYE gpuPOgpo XNrxguKzgPpE
KoKgpEz QYogEzYQYB ENrEuQgXzgPpE. LgffYQYpz fixzYQgpo gOXxYOYpzKzgPpE uKp rY NEYB
KE IsdNsIveD yPQ BgffYQYpz A PXYQKzPQE, rNz zSYU ONEz uPOXxU ZgzS K EgOXxY WiI
ENXXPQzgpo zZP OKgp PXYQKzgPpE: (1) EzPQgpo/QYOPJgpo ENrEuQgXzgPpE rKEYB Pp zSYgQ
gBYpzgfiYQE; KpB (2) XQPuYEEgpo K XNrxguKzgPp KpB QYzNQpgpo K xgEz Py OKzuSgpo ENrEuQgrYQ
gBYpzgfiYQE. Wz zSgE EzKoY, zSY uPpzYpz Py zSY ENrEuQgXzgPpE KpB XNrxguKzgPpE zSYOEYxJYE
gE PpxU KuuYEEYB rU zSY fixzYQgpo xgrQKQU, OKbgpo PNQ KQuSgzYuzNQY PrxgJgPNE zP zSY pKzNQY
Py zSY OKzuSgpo PXYQKzgPp. VSY BYyKNxz fixzYQgpo xgrQKQU XQPJgBYB ZgzS rRdcpNkaQ

gE rKEYB Pp zSY RIMFW uPNpzgpo KxoPQgzSO [26] KpB gE BYEuQgrYB gp RYuzgPp 4.3.2.
iQgJKuU-XQYEYQJgpo fixzYQgpo uKp rY YKEgxU gOXxYOYpzYB NEgpo KEUOOYzQgu EuKxKQ-XQPBNuz
XQYEYQJgpo YpuQUXzgPp [34] PQ PzSYQ OYuSKpgEOE [60, 61, 94]. GYuYpz XQPXPEKxE zP QYBNuY
zSY uPEz Py XQgJKuU-XQYEYQJgpo YpuQUXzYB fixzYQgpo zSQPNoS zSY NEY Py K XQY-fixzYQgpo
EzKoY [13] uKp KxEP zQgJgKxxU rY gpzYoQKzYB zP IsdNsIveD xgrQKQgYE.
RNrEuQgXzgPpE KQY EzPQYB gp zSY EzKzY OKgpzKgpYB yPQ YKuS ExguY. VSgE EzKzY uKp rY
KuuYEEYB uPpuNQQYpzxU NEgpo QYKB KpB QYKB-ZQgzY xPubE (EYY RYuzgPp 4.3 yPQ gOXxYOYpzK-
zgPp BYzKgxE). WE fixzYQgpo PpxU QYjNgQYE QYKBgpo zSY ENrEuQgXzgPp EYz, KpB EgpuY OPEz
XNr/ENr ZPQbxPKBE KQY BPOgpKzYB rU XNrxguKzgPpE, zSgE KxxPZE yPQ JYQzguKx EuKxgpo Py
zSY fixzYQgpo PXYQKzgPp yPQ YKuS ExguY Py zSY A PXYQKzPQ Pp ONxzgXxY uPQYE.
Wp A PXYQKzPQ ExguY uKxxE gzE IsdNsIveD yPQ YKuS gpuPOgpo XNrxguKzgPp KpB oYpYQKzYE
Kp PNzXNz YJYpz uPOXPEYB rU zSY XNrxguKzgPp j KpB K xgEz Py OKzuSgpo ENrEuQgrYQ
gBYpzgfiYQE, k1, k2, . . . , kS. eSYp zSgE xgEz gE YOXzU, Kp PNzXNz YJYpz gpBguKzgpo zSY xKub
Py OKzuSgpo ENrEuQgXzgPp gE oYpYQKzYB. VSY YJYpz gE zSYp EYpz zP zSY pYHz PXYQKzPQ,
zSY YcTU bWTjU (Mi), NEgpo NpguKEz. VSY QPNzgpo bYU yPQ EYxYuzgpo zSY ExguY Py zSY
Mi PXYQKzPQ gE zSY gBYpzgfiYQ Py zSY XNrxguKzgPp j. WE K QYENxz, YKuS ExguY Py zSY A
PXYQKzPQ XQPuYEEgpo j Zgxx EYpB gzE xgEz Py OKzuSgpo gBYpzgfiYQE zP zSY EKOY ExguY Py zSY
Mi PXYQKzPQ. 4

4 BN MlxAkLaekpIJ awW pN JksIkfiLaIe JkUW, ke kJ MpJJkxAW ep vaiW a JkIsAW JAkLW pN evW f pMWwaepw JWIG S
aIG evW pevWwJ JWIGkIs pIAj evWkw AkJeJ.
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ghQM RDQGM SHZziMDz

VSY YcTU bWTjU (Mi) PXYQKzPQ KuzE KE zSY PNzXNz PXYQKzPQ Py zSY YpogpY. Iz ESKQYE
EgOgxKQgzgYE ZgzS zSY mhskBh XSKEY gp zSY AKXGYBNuY zYQOgpPxPoU [39]. MKuS gpuPOgpo
XNrxguKzgPp Zgxx rY fixzYQYB Kz Kxx ExguYE Kz zSY A PXYQKzPQ xYJYx, rNz Zgxx rY XQPuYEEYB rU
K EgpoxY ExguY Kz zSY Mi PXYQKzPQ xYJYx. Wp Mi PXYQKzPQ ExguY QYuYgJYE zSY XNrxguKzgPp KpB
xgEzE Py OKzuSgpo ENrEuQgrYQ gBYpzgfiYQE yQPO Kxx ExguYE Py zSY A PXYQKzPQ (PQ pPzgfiuKzgPpE
Py YOXzU OKzuSgpo xgEzE). tpuY xgEzE SKJY rYYp QYuYgJYB yQPO Kxx A PXYQKzPQ ExguYE
(PQ KyzYQ K zgOYPNz zP KJPgB ExPZ A PXYQKzPQ ExguYE zP BYxKU pPzgfiuKzgPpE), zSY Mi
PXYQKzPQ XQPuYYBE ZgzS pktqTBrUTWj sTaprUBXTjR: gz uPpzKuzE YKuS LDDi OKgpzKgpgpo K
uPppYuzgPp zP Kz xYKEz PpY gpzYQYEzYB ENrEuQgrYQ KpB EYpBE gz K pPzgfiuKzgPp OYEEKoY
zPoYzSYQ ZgzS zSY gBYpzgfiYQE Py OKzuSgpo ENrEuQgrYQE uPppYuzYB zP zSKz LDDi. VSY
xKzzYQ gE zSYp gp uSKQoY Py XQPXKoKzgpo zSY pPzgfiuKzgPp zP zSY KuzNKx ENrEuQgrYQE.

4.3 UXHaZXZGMiMQDG

eY gOXxYOYpz PNQ KQuSgzYuzNQY Pp zPX Py K EzQYKO XQPuYEEgpo YpogpY, rRdcpN-

ZhOc [22]. tzSYQ yQKOYZPQbE KxEP XQYEYpz zSY yYKzNQYE KpB KrEzQKuzgPpE PNQ gOXxY-
OYpzKzgPp QYjNgQYE, ENuS KE R4 [92], RzPQO [107], PQ DPpzgpNPNE-AKXGYBNuY [9]. eY
XQYEYpz Kp PJYQJgYZ Py rRdcpNZhOc gp zSgE EYuzgPp, KE ZYxx KE zSY IsdNsIveD KpB
IsdJIhSveD xgrQKQgYE ENXXPQzYB rU PNQ XQPzPzUXY rRdcpNkaQ.

4.3.1 oMzZiXxQGZ oMzZiX RzDPZttQGE gGEQGZ

rRdcpNZhOc gE K yQKOYZPQb zSKz zKQoYzE EuKxKrxY XQPuYEEgpo Py gpyPQOKzgPp flPZE gp
zSY yPQO Py EzQYKOE Py hyhjUa. IzE KQuSgzYuzNQY yPxxPZE zSY BYEgop XQgpugXxYE XQYEYpzYB
Kz zSY rYogppgpo Py RYuzgPp 4.2 KpB gxxNEzQKzYB gp hgoNQY 4.1. rRdcpNZhOc KxxPZE
BYfipgpo PXYQKzPQE PQoKpgvYB gp K LWf. tXYQKzPQE KQY uPOXPEYB Py K pNOrYQ Py aqTBha
zSKz zUXguKxxU QYEgBY Pp EYXKQKzY OKuSgpYE gp K XQPuYEEgpo uxNEzYQ PQ K uxPNB, KpB
SKJY NpgjNY gBYpzgfiYQE (Ts). RxguYE Py zSY EKOY PXYQKzPQ ESKQY zSY EKOY uPBY, gp zSY
yPQO Py Kp hyhjU Xrjsqhm, K yNpuzgPp zSKz gE uKxxYB ZSYpYJYQ K pYZ YJYpz gE QYuYgJYB
KpB OKU YOgz pYZ YJYpzE yPQ PXYQKzPQE BPZpEzQYKO gp zSY LWf (yPQ gpEzKpuY, gp
hgoNQY 4.1, ExguYE Py PXYQKzPQ 1 OKU oYpYQKzY YJYpzE yPQ PXYQKzPQ 2 PQ 3). VSY fipKx
PXYQKzPQ gE QYEXPpEgrxY yPQ XQPXKoKzgpo zSY EzQYKO Py QYENxzgpo YJYpzE zP zSY uxgYpzE Py
zSY YJYpz-rKEYB KXXxguKzgPp.
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hgoNQY 4.5 – LYzKgxE Py Kp PXYQKzPQ ExguY yQPO hgoNQY 4.1 ENXXPQzYB rU 4 zSQYKBE.

rRdcpNZhOc XQPJgBYE ENXXPQz yPQ uPOONpguKzgPp KOPpo PXYQKzPQE KpB yPQ OKpKoY-
OYpz Py zSY EzKzY zSKz OKU rY OKgpzKgpYB rU PXYQKzPQ ExguYE. DPOONpguKzgPp rYzZYYp
PXYQKzPQE gE YHuxNEgJYxU uPpBNuzYB rKEYB Pp YJYpzE. MKuS YJYpz gE K <bYU,JKxNY> XKgQ.
rRdcpNZhOc ENXXPQzE kjTBraU, rjwBraU, KpB tmWrsBraU uPOONpguKzgPp XQgOgzgJYE.
VSY PXYQKzPQ zP ZSguS YJYpzE KQY EYpz gE uSPEYp NXPp zSYgQ uQYKzgPp. rRdcpNZhOc

uPOONpguKzgPp XQgOgzgJYE KQY PrxgJgPNE zP zSY uPpzYpz Py YJYpzE, ZSguS OKU PpxU rY
NEYB gpEgBY YJYpz SKpBxYQ yNpuzgPpE. Wxx uPOONpguKzgPpE zKbY XxKuY Pp XQY-YEzKrxgESYB
KpB XYQEgEzYpz VDi uPppYuzgPpE: Kxx ExguYE Py PpY PXYQKzPQ KQY XYQEgEzYpzxU uPppYuzYB
zP Kxx ExguYE Py zSY pYHz PXYQKzPQ(E) gp zSY LWf.
VSY kjTBraU XQgOgzgJY BYzYQOgpYE zSY Ts Py zSY ExguY gp zSY pYHz PXYQKzPQ rU NEgpo K
bYU KpB K SKES-yNpuzgPp (K EgOXxY OPBNxP rU BYyKNxz). W EXYugfiu SKES-yNpuzgPp uKp
rY EXYugfiYB rU zSY YJYpz SKpBxYQ yNpuzgPp, ZSguS OKU gOXxYOYpz OPQY EPXSgEzguKzYB
EzQYKO XKQzgzgPpgpo OYuSKpgEOE. VSY rjwBraU XQgOgzgJY EYpBE zSY YJYpz zP K QKpBPO
ExguY Py zSY pYHz PXYQKzPQ. VSY tmWrsBraU XQgOgzgJY EYpBE zSY YJYpz zP Kxx ExguYE Py zSY
pYHz PXYQKzPQ.
rRdcpNZhOc PXYQKzPQE ExguYE uKp rY YgzSYQ EzKzYxYEE PQ EzKzYyNx, KpB uKp rY uPOXPEYB
Py EYJYQKx gpBYXYpBYpz XQPuYEEgpo zSQYKBE zP ENXXPQz JYQzguKx EuKxKrgxgzU ZSYp QNppgpo
Pp K ONxzg-uPQY XQPuYEEPQ. Wxx zSQYKBE Py Kxx ExguYE Py K ogJYp PXYQKzPQ ENXXPQz zSY
YHYuNzgPp Py zSY EKOY YJYpz SKpBxgpo yNpuzgPp. hgoNQY 4.5 XQYEYpzE K BYzKgxYB JgYZ Py
zSY EzKzY Py zSY oQYUYB ExguY yQPO hgoNQY 4.1. VSQYKBE yQPO K XPPx XQPuYEE gpuPOgpo
YJYpzE yQPO Kp gpXNz jNYNY NEgpo K XKQz Py zSY EzKzY BYzYQOgpYB KuuPQBgpo zP zSY
YJYpz gBYpzgfiYQE. VSY EzKzY Py K ExguY (ENuS KE K ZgpBPZ Py YJYpzE PQ ENOOKQU
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gpyPQOKzgPp yQPO XQYJgPNExU XQPuYEEYB YJYpzE) gE OKpKoYB rU rRdcpNZhOc, KpB
uKp rY XKQzgzgPpYB NEgpo zSY EKOY bYUE zSKz KQY NEYB yPQ NpguKEz QPNzgpo rYzZYYp
PXYQKzPQE. MKuS zSQYKB KuuYEEYE zSY EzKzY uPQQYEXPpBgpo zP zSY YJYpz zP XQPuYEE NEgpo
zSY KXXQPXQgKzY QYKB-PpxU (Y) PQ QYKB-ZQgzY (YM) OPBY. Wp YJYpz ZgzS bYU q1 uKp rY
XQPuYEEYB gp XKQKxxYx ZgzS KpPzSYQ YJYpz ZgzS bYU q2 KE xPpo KE q1 6= q2 PQ, gy q1 = q2,
PpxU ZSYp rPzS KuuYEEYE KQY QYKB-PpxU.

4.3.2 YQaMZzQGE iGC OamtMZzQGE dQIzizQZt

Ip zSY yPxxPZgpo, ZY XQYEYpz zSY fixzYQgpo KpB uxNEzYQgpo xgrQKQgYE (IsdNsIveD KpB
IsdJIhSveD) zSKz rRdcpNkaQ uNQQYpzxU ENXXPQzE. eSgxY zSYEY xgrQKQgYE KQY rKEYB
Pp bpPZp KxoPQgzSOE KpB BP pPz QYXQYEYpz pPJYx uPpzQgrNzgPpE phm ah, zSYU uPpzQgrNzY
zP zSY PJYQKxx XYQyPQOKpuY Py rRdcpNkaQ KE EzNBgYB gp RYuzgPp 4.4.

YQaMZzQGE dQIzizQZt

rRdcpNkaQ uKp ENXXPQz KpU fixzYQgpo EuSYOY gy gOXxYOYpzYB zSQPNoS Kp KXXQPXQgKzY
IsdNsIveD xgrQKQU. eY xgEzYB JKQgKpzE Py fixzYQgpo EuSYOYE gp RYuzgPp 2.1.1. eY pPzY
zSKz PNQ KQuSgzYuzNQY KxEP ENXXPQzE fixzYQgpo EuSYOYE zSKz pYYB zP OKgpzKgp K EzKzY yPQ
YKuS Py zSY ENrEuQgXzgPp zSYU EzPQY, KuQPEE zSY XQPuYEEgpo Py EYJYQKx XNrxguKzgPpE. hPQ
gpEzKpuY, K ENrEuQgrYQ OgoSz ZgES zP QYuYgJY PpxU zSY aag XNrxguKzgPp zSKz OKzuSYE
K ogJYp ENrEuQgXzgPp, PQ rY KrxY zP EYpB ENrEuQgXzgPpE Pp zSY EzKzgEzguKx YJPxNzgPp Py
XNrxguKzgPpE KzzQgrNzYE (Y.o., PJYQ K ZgpBPZ Py XNrxguKzgPpE). VSY uPQQYEXPpBgpo EzKzY
uKp rY OKgpzKgpYB rU zSY IsdNsIveD gp zSY ExguY-ENXXPQzYB EzKzY.
rRdcpNkaQ uNQQYpzxU yYKzNQYE Kp KzzQgrNzY-rKEYB fixzYQgpo EuSYOY xgrQKQU
(IsdNsIveD) zSKz NEYE K uPNpzgpo KxoPQgzSO EgOgxKQ zP zSKz Py RIMFW [26]. Iz
PQoKpgvYE XQYBguKzYE yPQ QYuYgJYB ENrEuQgXzgPpE gp K yPQZKQBgpo zKrxY. Wp gpuPOgpo
XNrxguKzgPp Zgxx zQKJYQEY KpB OKzuS gp zSgE yPQZKQBgpo zKrxY zSY XQYBguKzYE PQoKpgvYB
gp uPpnNpuzgPp EYzE. MKuS ENrEuQgXzgPp gE KEEPugKzYB ZgzS K uPNpzYQ zSKz EXYugfiYE SPZ
OKpU Py gzE XQYBguKzYE SKJY rYYp OKzuSYB EP yKQ. eSYp K XQYBguKzY gE EKzgEfiYB, zSY
uPNpzYQE Py Kxx KEEPugKzYB ENrEuQgXzgPpE KQY gpuQYKEYB, KpB zSY ZSPxY ENrEuQgXzgPp
gE OKQbYB KE OKzuSYB ZSYp Kxx XQYBguKzYE Py K ENrEuQgXzgPp SKJY rYYp EKzgEfiYB.
FNOYQguKx XQYBguKzYE KQY gpBYHYB KuuPQBgpo zP zSYgQ zUXY (=, <, >) KpB EPQzYB rU
JKxNYE gp PQBYQ zP EXYYB NX zQKJYQEKxE. VSYQYyPQY, zUXguKxxU PpxU K EOKxx XKQz Py zSY
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oQKXS gE zQKJYQEYB rU XNrxguKzgPpE. VSY KxoPQgzSO oYpYQKxxU EuKxYE ENrxgpYKQxU gp zSY
pNOrYQ Py YJKxNKzYB uPpnNpuzgPp EYzE.

OamtMZzQGE dQIzizQZt

eSYp NEgpo ONxzgXxY ExguYE gp zSY OKzuSgpo PXYQKzPQ, YKuS Py zSYEY ExguYE SPxBE K
ENrEYz Py Kxx ENrEuQgXzgPpE KpB fixzYQE XNrxguKzgPpE uPpuNQQYpzxU ZgzS PzSYQ OKzuSYQE.
qU BYyKNxz, ZY XKQzgzgPp ENrEuQgXzgPpE gp K EgOXxY KpB BYzYQOgpgEzgu ZKU NEgpo K
SKES. VSgE EXxgzE zSY xPKB KOPpo Kxx A PXYQKzPQ ExguYE. TPZYJYQ, yPQ OKpU fixzYQgpo
EuSYOYE, fixzYQgpo XYQyPQOKpuY uKp rY gOXQPJYB ZSYp ENrEuQgXzgPpE KQY XKQzgzgPpYB
gp K uPpzYpz-KZKQY OKppYQ. VSYEY zUXYE Py ENrEuQgXzgPp uxNEzYQgpo KQY OPQY uPEzxU
zSKp SKES-rKEYB XKQzgzgPpgpo rNz zSYU QYENxz gp oKgpE yPQ zSY XNrxguKzgPp fixzYQgpo
XYQyPQOKpuY. VSgE gE zSY uKEY Py zSY KzzQgrNzY-rKEYB fixzYQgpo EuSYOY BYEuQgrYB
XQYJgPNExU. WE EgOgxKQ ENrEuQgXzgPpE KQY EzPQYB gp zSY EKOY A PXYQKzPQ ExguY, zSY
fixzYQgpo KxoPQgzSO OKU rY KrxY zP rYzzYQ yKuzPQgvY uPOOPp XQYBguKzYE KpB KuSgYJY
SgoSYQ fixzYQgpo XYQyPQOKpuY (zSgE zUXguKxxU BYXYpBE Pp zSY KrgxgzU Py zSY fixzYQgpo
PXYQKzPQ zP ENXXPQz uPpzKgpOYpz BYzYQOgpKzgPp rYzZYYp ENrEuQgXzgPpE). hPQ XNr/ENr
EUEzYOE zSKz XQPuYEE OPQY XNrxguKzgPpE zSKp ENrEuQgXzgPpE, zSY QYxKzgJY oKgp uKp rY
EgopgfiuKpz KE ZY ESPZ gp PNQ YJKxNKzgPp.
rRdcpNkaQ ENXXPQzE JKQgPNE uxNEzYQgpo KxoPQgzSOE rU zSY OYKpE Py IsdJIhSveD

xgrQKQgYE, zSKz uKp PXzgPpKxxU OKgpzKgp EzKzY KrPNz XQYJgPNE ENrEuQgXzgPpE. eSYp
ONxzgXxY fixzYQgpo EuSYOYE KQY ENXXPQzYB rU ONxzgXxY A PXYQKzPQE, YKuS ExguY Py zSY
Wi PXYQKzPQ ENXXPQzE K BgffYQYpz IsdJIhSveD (PQ BYyKNxz SKES-rKEYB NpguKEzgpo) yPQ
YKuS ENuS A PXYQKzPQ. LYzYQOgpgEzgu uxNEzYQgpo KxxPZE NpguKEzgpo NpENrEuQgXzgPpE
ZSgxY pPp-BYzYQOgpgEzgu uxNEzYQgpo QYjNgQY rQPKBuKEzgpo NpENrEuQgXzgPpE. rRdcpNkaQ

yYKzNQYE zSY zZP uxNEzYQgpo xgrQKQgYE BYEuQgrYB rYxPZ.
q-xZiGt [114]: VSgE uxNEzYQgpo KxoPQgzSO XYQyPQOE K XKQzgzgPpgpo Py zSY ENrEuQgX-
zgPpE gpzP i oQPNXE KpB K QYXYzgzgJY QY-KEEgopOYpz rKEYB Pp zSY BgEzKpuY rYzZYYp
ENrEuQgXzgPpE KpB oQPNXE Npzgx uPpJYQoYpuY. VSY KxoPQgzSO gE EzKzYyNx KpB pPp-
BYzYQOgpgEzgu. eY gOXxYOYpz gz gp Kp PpxgpY OKppYQ (ahEkhjUTrq w-AYKpE) yPQ zSY
BUpKOgu uxNEzYQgpo Py ENrEuQgXzgPpE.
gKZGM oHiPZ RizMQMQDGQGE (goR) [112]: VSY EXKuY Py ENrEuQgXzgPpE gE QYXQYEYpzYB
KE K x e BgOYpEgPpKx EXKuY, ZSYQY x e gE zSY pNOrYQ Py KzzQgrNzYE. MKuS A PXYQKzPQ ExguY
gE QYEXPpEgrxY yPQ ENrEuQgXzgPpE zSKz yKxx ZgzSgp gzE XPQzgPp Py zSY EXKuY. RNrEuQgXzgPpE
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hgoNQY 4.6 – ePQbxPKB uSKQKuzYQgEzguE: uNONxKzgJY BgEzQgrNzgPp Py OKzuSgpo EYz EgvYE
yPQ XNrxguKzgPpE (xYyz) KpB OKzuSgpo QKzgPE yPQ ENrEuQgXzgPpE (QgoSz).

zSKz gpzYQEYuz ONxzgXxY BPOKgpE KQY OKpKoYB rU zSY A PXYQKzPQ ExguY zSKz SPEzE zSY
fiQEz KzzQgrNzY gp xYHguPoQKXSgu PQBYQ. WE zSY JKxNY x e uKppPz rY bpPZp gp KBJKpuY
ZgzS uPpzYpz-rKEYB QPNzgpo, gz Zgxx gpuQYKEY ZSYp YpuPNpzYQgpo ENrEuQgXzgPpE ZgzS
NpbpPZp KzzQgrNzYE. VSgE uxNEzYQgpo OYuSKpgEO gE EzKzYyNx rNz BYzYQOgpgEzgu.

4.4 gKiamiMQDG

Ip zSgE EYuzgPp, ZY XQYEYpz zSY YHXYQgOYpzKx JKxgBKzgPp Py rRdcpNkaQ Pp K uxNEzYQ
Py 48 pPBYE, YKuS ZgzS zZP jNKB-uPQY IpzYx lYPp (M5405) 2 fTv XQPuYEEPQE KpB 8 fq
Py GWA (384 uPQYE zPzKx), gpzYQuPppYuzYB ZgzS yNxx-BNXxYH 1 frXE MzSYQpYz. tNQ
gOXxYOYpzKzgPp NEYE zSY D++ xKpoNKoY. eY uPpfioNQY rRdcpNZhOc zP NEY rKzuSgpo
rYzZYYp PXYQKzPQE. mX zP 16 wq Py YJYpzE uKp rY EzPQYB gp PNzXNz rNffYQE yPQ YKuS
PXYQKzPQ, KpB EYpz gp rKzuSYE PQ KyzYQ K zgOY xgOgz. qKzuSgpo KxxPZE gpuQYKEgpo OKHgOKx
ENXXPQzYB zSQPNoSXNz rNz SKE Kp gOXKuz Pp BYxKUE, KE ZY BYOPpEzQKzY Kz zSY YpB Py
zSgE RYuzgPp.
eY fiQEz XQYEYpz zSY uSKQKuzYQgEzguE Py zSY XNr/ENr ZPQbxPKB NEYB yPQ zSY YJKxNKzgPp,
yPxxPZYB rU zSY rKEYxgpY XYQyPQOKpuY Py zSY uPNpzgpo KxoPQgzSO (IsdNsIveD). eY
zSYp XQPuYYB zP K PXYQKzPQ-rU-PXYQKzPQ YJKxNKzgPp Py zSY rRdcpNkaQ KQuSgzYuzNQY,
SgoSxgoSzgpo XYQyPQOKpuY KpB EuKxKrgxgzU Py YKuS Py zSY PXYQKzPQE. eY BYEuQgrY zSY
gOXKuz Py ENrEuQgXzgPp uxNEzYQgpo (IsdJIhSveD) KpB YJKxNKzY SPZ zSY EUEzYO EuKxYE
ZSYp NEgpo Kp gpuQYKEgpo pNOrYQ Py pPBYE. hgpKxxU, ZY XQYEYpz K uPOXKQgEPp Py PNQ
KXXQPKuS ZgzS K rQPbYQ PJYQxKU EPxNzgPp QNppgpo Pp zSY EKOY uxNEzYQ.
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hgoNQY 4.7 – iYQyPQOKpuY Py zSY uPNpzgpo IsdNsIveD yPQ fixzYQgpo gpuPOgpo XNrxguKzgPpE
ZgzS QYEXYuz zP zSY EgvY Py zSY EzPQYB ENrEuQgXzgPpE EYz.

4.4.1 ghHZzQXZGMia JDzFaDiC

eY uPpEzQNuzYB Kp YHXYQgOYpzKx ZPQbxPKB EgOgxKQ zP zSY PpY NEYB yPQ zSY YJKxNKzgPp
Py AYoSBPPz [53]. Iz zKQoYzE Kp KzzQgrNzY-rKEYB fixzYQgpo EuSYOY. eY oKzSYQYB fiJY
UYKQE Py jNPzYE yPQ 200 QKpBPOxU EYxYuzYB EzPubE yQPO sKSPP! hgpKpuY [116]. VSgE
uPQQYEXPpBE zP PJYQ 250,000 XNrxguKzgPpE. eY rNgxz EUpzSYzgu ENrEuQgXzgPpE rKEYB
Pp zSY EKOY uKzYoPQgYE KE gp [53]. VSYEY ENrEuQgXzgPpE uPpzKgp K JKQgYzU Py QKpoYE
KpB YjNKxgzU XQYBguKzYE Pp zSY KzzQgrNzYE Py EzPub jNPzYE, pKOYxU zSY EUOrPx, BKzY,
YHuSKpoYB JPxNOY, KpB BKgxU EzKzgEzguE Pp zSYgQ XQguY (PXYp, uxPEY, SgoS, xPZ). VSY
uSKQKuzYQgEzguE Py zSY ZPQbxPKB KQY BYzKgxYB gp hgoNQY 4.6. VSYU QYXQYEYpz K OPBYQKzYxU
EYxYuzgJY zUXY Py XNr/ENr ZPQbxPKB: K XNrxguKzgPp pYYBE zP rY BgEXKzuSYB zP K OYBgKp
Py 0.18% Py Kxx ENrEuQgXzgPpE (ZgzS 100,000 ENrEuQgXzgPpE, YKuS XNrxguKzgPp oYpYQKzYE K
OYBgKp Py 180 pPzgfiuKzgPpE), ZSgxY K xKQoY XKQz Py ENrEuQgXzgPpE BP pPz fipB XNrxguKzgPpE
Py gpzYQYEz gp zSY ZPQbxPKB rNz UYz pYYB zP rY XQPuYEEYB rU zSY A PXYQKzPQ.

4.4.2 TitZaQGZ YQaMZzQGE RZzvDzXiGPZ

eY fiQEz YJKxNKzY zSY QKZ XYQyPQOKpuY Py zSY IsdNsIveD fixzYQgpo xgrQKQU rKEYB Pp zSY
RIMFW-xgbY [26] uPNpzgpo KxoPQgzSO. eY uPOXKQY gz zP K pKgJY xgpYKQ-EYKQuS fixzYQgpo
OYuSKpgEO Kuzgpo KE K rKEYxgpY. hgoNQY 4.7 gpBguKzYE zSKz zSY fixzYQgpo PXYQKzgPp
uPEz YJPxJYE ENrxgpYKQxU KpB gE Kz xYKEz Kp PQBYQ Py OKopgzNBY rYzzYQ zSKp zSY pKgJY
KxoPQgzSO KrPJY 500 EzPQYB ENrEuQgXzgPpE. FPpYzSYxYEE, zSY uPEz Py fixzYQgpo uKp oQPZ
jNgzY SgoS ZgzS xKQoY EYzE Py ENrEuQgXzgPpE, KE uKp rY PrEYQJYB Pp zSY QgoSz EgBY Py
zSY oQKXS. VSgE SgoSxgoSzE zSY gOXPQzKpuY Py EuKxgpo zSY XQPuYEEgpo Py gpuPOgpo
XNrxguKzgPpE SPQgvPpzKxxU KpB JYQzguKxxU zP ENEzKgp K SgoS fixzYQgpo zSQPNoSXNz, KpB zP
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XQPuYEE Kp gpuPOgpo XNrxguKzgPp KoKgpEz ENrEYzE Py zSY PJYQKxx EYz Py ENrEuQgXzgPpE zP
QYBNuY BgEXKzuSgpo BYxKUE.

4.4.3 RZzvDzXiGPZ Dv SHZziMDzt

eY pPZ XQPuYYB zP Kp PXYQKzPQ-rU-PXYQKzPQ YJKxNKzgPp Py rRdcpNkaQ. tNQ OYzSPB-
PxPoU gE zP KBB PpY PXYQKzPQ Kz K zgOY, QYXxKugpo zSY PXYQKzPQE BPZpEzQYKO zSY LWf
rU aTjo PXYQKzPQE zSKz QYuYgJY zSY YJYpzE rNz BP pPz XQPuYEE zSYO yNQzSYQ. eY BYpPzY
ENuS Egpb PXYQKzPQE KE R(Wi), R(A), KpB R(Mi). eY yPuNE PNQ YJKxNKzgPp Pp zSY
EuKxKrgxgzU KEXYuzE Py YKuS PXYQKzPQ. Wxx YHXYQgOYpzE KQY rKEYB Pp 180-EYuPpBE QNpE Py
rRdcpNkaQ, BNQgpo ZSguS zSY EUEzYO gE yYB ZgzS ENrEuQgXzgPpE KpB/PQ XNrxguKzgPpE
KE yKEz KE XPEEgrxY zP PrEYQJY zSY OKHgOKx KuSgYJKrxY zSQPNoSXNz. eSYp PrEYQJgpo
zSY XYQyPQOKpuY Py zSY XNrxguKzgPp fixzYQgpo PXYQKzgPp, ENrEuQgXzgPpE KQY QYogEzYQYB
rYyPQY EzKQzgpo zSY OYKENQYOYpz.
Ip PNQ YJKxNKzgPp, zSY LDDiE KQY QYXxKuYB rU RhjhmrUWma zSKz gpnYuz zSY ZPQbxPKB
gpzP zSY Wi PXYQKzPQ. eY fiQEz JYQgfiYB zSKz zSYEY oYpYQKzPQE uKp XQPJgBY zSY EUEzYO
ZgzS K ENffiugYpz zSQPNoSXNz Py XNrxguKzgPpE KpB ENrEuQgXzgPpE KpB BP pPz QYXQYEYpz K
rPzzxYpYub. tNQ QYENxzE (pPz ESPZp) gpBguKzY zSKz zSY oYpYQKzPQE KQY KrxY zP pYKQxU
EKzNQKzY zSY gpXNz rKpBZgBzS uKXKugzU Py zSY pPBYE zSKz SPEz zSY Wi PXYQKzPQ ExguYE.
VSgE gpBguKzYE zSYU Zgxx pPz gOXKgQ zSY QYOKgpBYQ Py zSY YJKxNKzgPp.
eY XQYEYpz zSY uPOXxYzY PXYQKzPQ-rU-PXYQKzPQ YJKxNKzgPp QYENxzE gp hgoNQY 4.8. eY
xPPb XQgOKQgxU Kz zSY zSQPNoSXNz gp zYQOE Py rKpBZgBzS KpB YJYpzE XQPuYEEYB.

LR SHZziMDz oPiaiIQaQMu

VSY fiQEz uPxNOp Py zZP XxPzE gp hgoNQY 4.8 XQYEYpzE zSY Wi PXYQKzPQ EuKxKrgxgzU. Iz
BYXguzE zSY OKHgOKx gpXNz KpB PNzXNz zSQPNoSXNz Py zSY PXYQKzPQ ZgzS K XNrxguKzgPpE-
PpxU ZPQbxPKB. VSgE uPQQYEXPpBE zP zSY ZPQEz uKEY EuYpKQgP EgpuY XNrxguKzgPpE, NpxgbY
ENrEuQgXzgPpE, pYYB zP rY rQPKBuKEz rU YKuS Wi PXYQKzPQ ExguY zP Kxx Egpb R(A) PXYQKzPQ
ExguYE. WE YHXYuzYB, zSY gpXNz zSQPNoSXNz Py zSY Wi PXYQKzPQ gE gpJYQEYxU XQPXPQzgPpKx
zP zSY pNOrYQ Py Egpb R(A) PXYQKzPQ ExguYE: K uPXU Py YKuS XNrxguKzgPp pYYBE zP rY OKBY
yPQ YJYQU R(A) PXYQKzPQ ExguY KpB zSY rPzzxYpYub rYuPOYE zSY PNzXNz rKpBZgBzS Py Wi
PXYQKzPQE. VSY XxKppYB ENXXPQz yPQ Ii ONxzguKEz rYzZYYp zSY Wi KpB A PXYQKzPQE
ZPNxB rPPEz XYQyPQOKpuY yPQ zSgE PXYQKzgPp. eY PrEYQJY pPpYzSYxYEE zSKz zSgE PNzXNz
zSQPNoSXNz pYKQxU EKzNQKzYE zSY uQPEE-rKpBZgBzS Py zSY uPppYuzgPpE rYzZYYp zSY Wi
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hgoNQY 4.8 – RuKxgpo Py rRdcpNkaQ PXYQKzPQE: IpXNz KpB PNzXNz zSQPNoSXNz yPQ
Kxx PXYQKzPQE ZSYp JKQUgpo zSY pNOrYQ Py ExguYE KpB ENrEuQgXzgPpE. MKuS PXYQKzPQ gE
YJKxNKzYB ZgzS zSY BPZpEzQYKO PXYQKzPQ QYXxKuYB rU K Egpb. eY NEY PpY XSUEguKx
OKuSgpY XYQ ExguY.

KpB R(A) PXYQKzPQ ExguYE, KpB gE KrxY zP EKzNQKzY zSY gpXNz rKpBZgBzS Py zSY R(A)
PXYQKzPQ ExguYE (EYQJgpo 104 Aq/E Py XNrxguKzgPpE zP YKuS Py zSYO). VSgE gpBguKzYE zSKz
zSY Wi PXYQKzPQ Zgxx pPz SgpBYQ EuKxKrgxgzU ZSYp zSY R(A) Egpb PXYQKzPQ ExguYE KQY
QYXxKuYB rU QYKx A PXYQKzPQ ExguYE zSKz pYYB zP XYQyPQO zSY uPOXNzKzgPpKxxU-gpzYpEgJY
fixzYQgpo PXYQKzgPp, KE uPpfiQOYB rU PNQ pYHz YHXYQgOYpz.

x SHZziMDz: omItPzQHMQDG oMDziEZ oPiaiIQaQMu

eY EzKQz zSY YJKxNKzgPp Py zSY A PXYQKzPQ rU KEEYEEgpo zSY EuKxKrgxgzU Py zSY ENrEuQgXzgPp
EzPQKoY ZgzS K ENrEuQgXzgPpE-PpxU ZPQbxPKB. hgoNQY 4.9 XQYEYpzE zSY KJYQKoY rKpBZgBzS
zSKz zSY oYpYQKzPQE KQY KrxY zP XNES zSQPNoS zSY Wi PXYQKzPQ yPQ EzPQKoY Kz zSY A
PXYQKzPQ xYJYx. eY NEY K EYz Py 8 Wi PXYQKzPQ ExguYE EP zSKz zSY Wi PXYQKzPQ BPYE pPz
yPQO K rPzzxYpYub. eY NEY 1 zP 8 A PXYQKzPQ ExguYE. eY PrEYQJY zSKz zSY EuKxKrgxgzU Py
zSY ENrEuQgXzgPp EzPQKoY gE KxOPEz xgpYKQ KpB rRdcpNkaQ gE KrxY zP QYogEzYQ K flPZ Py
35.4 Aq/E ZgzS 8 A PXYQKzPQ ExguYE, ZSguS uPQQYEXPpBE zP K uPpEzKpz flPZ Py 150,000
ENrEuQgXzgPpE EzPQYB XYQ EYuPpB. eY PrEYQJY K ExgoSz BYoQKBKzgPp Py zSY zSQPNoSXNz
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hgoNQY 4.9 – RuKxgpo Py zSY A PXYQKzPQ QYuYgJgpo KpB EzPQgpo K ENrEuQgXzgPpE-PpxU
ZPQbxPKB. VSY zSQPNoSXNz uPQQYEXPpBE zP zSY zQKffiu rYzZYYp zSY LDDi/oYpYQKzPQE
KpB zSY Wi PXYQKzPQ, ZgzS 8 Wi PXYQKzPQ ExguYE.

ZSYp NEgpo 8 oYpYQKzPQE KpB PpxU 2 A PXYQKzPQ ExguYE. VSY QYKEPp ZKE zQKubYB BPZp
zP PJYQflPZE gp gpXNz rNffYQE Py zSY A PXYQKzPQ ExguYE, xYKBgpo zP QYzQKpEOgEEgPpE Py
OYEEKoYE yQPO zSY Wi PXYQKzPQ KpB EPOY xPEE Py rKpBZgBzS.

x SHZziMDz: RmIaQPiMQDG xiMPWQGE oPiaiIQaQMu

eY pPZ gpJYEzgoKzY zSY EuKxKrgxgzU Py zSY fixzYQgpo PXYQKzgPp Kz zSY A PXYQKzPQ xYJYx,
g.Y., OKzuSgpo YKuS XNrxguKzgPp KoKgpEz zSY EYz Py EzPQYB ENrEuQgXzgPpE. eY NEY K
EYz Py 8 Egpb R(Mi) PXYQKzPQ ExguYE KE zSY BPZpEzQYKO PXYQKzPQ KpB 8 Wi PXYQKzPQ
ExguYE yPQ zSY NXEzQYKO PXYQKzPQ. VSY EYuPpB uPxNOp Py zSQYY XxPzE gp hgoNQY 4.8
XQYEYpzE zSY KuSgYJYB gpXNz/PNzXNz zSQPNoSXNz KpB zSY pNOrYQ Py XNrxguKzgPpE zSKz
zSY A PXYQKzPQ fixzYQE XYQ EYuPpB, gpuxNBgpo zQKpEOgEEgPp zP zSY BPZpEzQYKO R(Mi)
PXYQKzPQ. eY uxYKQxU PrEYQJY zSKz zSY KQuSgzYuzNQY EuKxYE: zSY KBBgzgPp Py pYZ PXYQKzPQ
ExguYE zP zSY A PXYQKzPQ QYENxzE gp xgpYKQ gpuQYKEY Py gzE XQPuYEEgpo uKXKugzU. FPzY
zSKz, KE YHXYuzYB yQPO zSY ZPQbxPKB uSKQKuzYQgEzguE (OYBgKp OKzuSgpo EYz Py 0.18%
Py EzPQYB ENrEuQgXzgPpE), zSY rKpBZgBzS QYjNgQYOYpzE KQY SgoSYQ yPQ PNzXNz zSKp yPQ
gpXNz rYuKNEY zSY XNrxguKzgPpE KQY KNoOYpzYB ZgzS K XPzYpzgKxxU xKQoY xgEz Py OKzuSgpo
gBYpzgfiYQE.

gR SHZziMDz oPiaiIQaQMu

eY uPOXxYzY zSY PXYQKzPQ-rU-PXYQKzPQ EuKxKrgxgzU YJKxNKzgPp rU QYXxKugpo zSY R(Mi)
Egpb PXYQKzPQ ExguYE ZgzS zSYgQ QYKx uPNpzYQXKQzE zSKz XYQyPQO XNrxguKzgPp BgEXKzuSgpo.
eY NEY 8 oYpYQKzPQE, 8 Wi, KpB 8 A PXYQKzPQE ExguYE. eY PrEYQJY gp zSY zSgQB uPxNOp
Py zSQYY XxPzE Py hgoNQY 4.8 zSY gpXNz/PNzXNz zSQPNoSXNz Py zSY Mi PXYQKzPQ KpB zSY
pNOrYQ Py XNrxguKzgPpE zSKz KQY YffYuzgJYxU BgEXKzuSYB. egzS K uPpfioNQKzgPp Py 8
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hgoNQY 4.10 – tJYQSYKB Py uxNEzYQgpo yPQ EzPQgpo ENrEuQgXzgPpE (xYyz) KpB gOXKuz
Pp fixzYQgpo YffiugYpuU (QgoSz). MKuS oQPNX Py EzKubYB rKQE ESPZE zSY rQYKbBPZpE Py
KJYQKoY uPEzE yPQ PpY ENrEuQgXzgPp PQ PpY XNrxguKzgPp OKzuSYB KoKgpEz zSY uPQQYEXPpBgpo
ENrEuQgXzgPp EYz. MKuS oQPNX SKE zSQYY rKQE yPQ SKES-rKEYB (pP uxNEzYQgpo), MRi, KpB
w-AYKpE.

Mi PXYQKzPQ ExguYE, rRdcpNkaQ gE KxQYKBU KrxY zP fixzYQ KpB BgEXKzuS yQPO 3.8 w zP
17 w XNrxguKzgPpE XYQ EYuPpB, yPQ QYEXYuzgJYxU 100 w KpB 10 w EzPQYB ENrEuQgXzgPpE
(uPQQYEXPpBgpo zP 684 w KpB 306 w pPzgfiuKzgPpE EYpz PNz zP ENrEuQgrYQE XYQ EYuPpB,
QYEXYuzgJYxU).

BQtPmttQDG

VSY QYENxzE Py zSY PXYQKzPQ-rU-PXYQKzPQ YJKxNKzgPp uxYKQxU ESPZ zSKz zSY ENrEuQgXzgPp
QYogEzQKzgPp KpB XNrxguKzgPp fixzYQgpo PXYQKzgPpE EuKxY rU KBBgpo OPQY ExguYE (KpB zSNE
XSUEguKx OKuSgpYE) zP zSY PXYQKzPQ zSKz ENXXPQzE zSYO. WBYjNKzYxU XQPJgEgPpgpo zSY
KQuSgzYuzNQY KxxPZE SKpBxgpo Kp KQrgzQKQU pNOrYQ Py XNrxguKzgPpE KpB ENrEuQgXzgPpE.
tpY ESPNxB XPgpz PNz zSKz zSY EXYugfiu ZPQbxPKB uPpEgBYQYB gp PNQ YJKxNKzgPp gE uPEzxgYQ
yPQ zSY PXYQKzPQE zSKz BYKx ZgzS XNrxguKzgPp BgEXKzuSgpo (Mi) KpB OKzuSgpo (A) zSKp
yPQ SKpBxgpo KpB yPQZKQBgpo gpuPOgpo XNrxguKzgPpE (Wi).

4.4.4 UXHiPM Dv OamtMZzQGE

eY pPZ gpJYEzgoKzY zSY gOXKuz Py NEgpo K IsdJIhSveD xgrQKQU Kz zSY Wi PXYQKzPQ
xYJYx yPQ uxNEzYQgpo ENrEuQgXzgPpE. tNQ PrnYuzgJY gE zP YJKxNKzY gy zSY KBBgzgPpKx
uPEz yPQ QYogEzYQgpo K ENrEuQgXzgPp gp zSY EUEzYO NEgpo uPpzYpz-KZKQY uxNEzYQgpo gE
uPOXYpEKzYB rU zSY ENrEYjNYpz XYQyPQOKpuY oKgp ZSYp fixzYQgpo XNrxguKzgPpE KoKgpEz
EzPQYB ENrEuQgXzgPpE. eY XQYEYpz gp hgoNQY 4.10 zSY zgOY QYjNgQYB zP EzPQY K ENrEuQgXzgPp
Kz zSY A PXYQKzPQ xYJYx (xYyz) KpB XQPuYEE Kp gpuPOgpo XNrxguKzgPp KoKgpEz zSY EYz
Py EzPQYB ENrEuQgXzgPpE (QgoSz). VgOYE KQY PrzKgpYB rU KJYQKogpo PJYQ 10,000 YJYpzE.
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hgoNQY 4.11 – VSQPNoSXNz Py rRdcpNkaQ ZgzS 100,000 ENrEuQgXzgPpE, NEgpo
IsdJIhSveD KpB zSY ZPQbxPKB-PXzgOKx uPpfioNQKzgPpE yPQ YKuS pNOrYQ Py KJKgxKrxY
OKuSgpYE. VSY pNOrYQ Py ExguYE Kz YKuS PXYQKzPQ gE gpBguKzYB ZgzSgp XKQYpzSYEYE.

hpIfislwaekpI (cZ 4|f 4|TZ 8) (cZ 8|f 8|TZ 16)
CaeLvkIs 16 n OpIW 16 n OpIW
ZlxAkLaekpIJ/J 500 200 1,000 500
ciWwasW GWAaj 1.06 J 0.36 J 0.98 J 0.22 J
XeG. GWi. 0.28 J 0.17 J 0.3 J 0.15 J

VKrxY 4.2 – MpB-zP-YpB BYxKUE (EYzzgpoE KE hgoNQY 4.11).

VSY rQYKbBPZp BgEzgpoNgESYE rYzZYYp zSY BgffYQYpz PXYQKzgPpE Kz zSY Wi KpB A
PXYQKzPQE: BYEYQgKxgvgpo zSY YJYpz Kz zSY Wi PXYQKzPQ xYJYx (yPQ ENrEuQgXzgPpE ZSYp
NEgpo uxNEzYQgpo) KpB XQPuYEEgpo gz (uxNEzYQgpo, EzPQgpo, PQ OKzuSgpo) Kz rPzS zSY Wi
KpB A PXYQKzPQE xYJYxE.
eY PrEYQJY zSKz zSY uPEz Py ENrEuQgXzgPp gpEYQzgPp gpuQYKEYE BNY zP zSY KBBgzgPpKx
BYEYQgKxgvKzgPp KpB zQYKzOYpz Kz zSY Wi PXYQKzPQ xYJYx. tp zSY PzSYQ SKpB, zSY NEY Py
uxNEzYQgpo UgYxBE EgopgfiuKpz XYQyPQOKpuY oKgpE ZSYp OKzuSgpo XNrxguKzgPpE KoKgpEz K
xKQoY EYz Py ENrEuQgXzgPpE: yPQ 150 w ENrEuQgXzgPpE OKzuSgpo gE 25 zP 27% yKEzYQ ZSYp
NEgpo w-AYKpE PQ MRi. VSgE ENXXPQzE PNQ uxKgO zSKz NEgpo K IsdJIhSveD xgrQKQU,
ZSYp KXXxguKrxY zP zSY fixzYQgpo EuSYOY rYgpo NEYB, OKU EgopgfiuKpzxU gpuQYKEY zSY
fixzYQgpo XYQyPQOKpuY PQ QYBNuY zSY pNOrYQ Py A PXYQKzPQ ExguYE QYjNgQYB zP ENEzKgp K
ogJYp XNrxguKzgPp fixzYQgpo zSQPNoSXNz QYjNgQYOYpz. Wz zSY EKOY zgOY, zSY NEY Py K
IsdJIhSveD xgrQKQU BPYE pPz rQYKb zSY EYXKQKzgPp Py uPpuYQpE KpB fixzYQgpo EuSYOK
KopPEzgugEO zSKz NpBYQXgpE zSY uPOXxYzY KQuSgzYuzNQY.
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4.4.5 SKZziaa RZzvDzXiGPZ

tNQ xKEz YHXYQgOYpz ZgzS rRdcpNkaQ QYxKzYE zP zSY PJYQKxx XQPJgEgPpgpo KpB EuKxgpo
Py zSY uPOXxYzY KQuSgzYuzNQY. eY uPpEgBYQ zSY uKEY ZSYQY K uxNEzYQ PQ K uxPNB JgQzNKx
YpJgQPpOYpz pYYBE zP rY EuKxYB NX zP gpuQYKEY zSY zSQPNoSXNz Py zSY XNr/ENr XQPuYEE,
ZgzS zSY PrnYuzgJY Py PffYQgpo K xgpYKQxU gpuQYKEgpo XYQyPQOKpuY KE OPQY XSUEguKx pPBYE
KQY KBBYB zP ENXXPQz zSY EYQJguY, KpB zP ENEzKgp xPZ KpB XQYBguzKrxY YpB-zP-YpB BYxKUE.
WE XQYJgPNExU BYOPpEzQKzYB, zSY PXzgOKx KEEgopOYpz Py ExguYE (KpB zSNE, XSUEguKx
OKuSgpYE) zP PXYQKzPQE BYXYpBE Pp zSY pKzNQY Py zSY ZPQbxPKB. hPQ zSY XNQXPEY Py
zSgE YJKxNKzgPp, ZY BYzYQOgpYB zSY rYEz uPpfioNQKzgPp yPQ K ogJYp rNBoYz Py OKuSgpYE
rKEYB Pp zSY PXYQKzPQ-rU-PXYQKzPQ YHXYQgOYpzE. tNQ KQuSgzYuzNQY gE BYEgopYB zP YKEgxU
ENXXPQz BUpKOgu EuKxgpo rU OgoQKzgpo ExguYE rYzZYYp XSUEguKx OKuSgpYE. eY xYKJY
zSY gpzYoQKzgPp Py ENuS OYuSKpgEOE KpB zSY KXXQPXQgKzY BYugEgPp-OKbgpo EUEzYOE zP
yNzNQY ZPQb. hgoNQY 4.11 XQYEYpzE zSY YJPxNzgPp Py zSY XNrxguKzgPp zSQPNoSXNz ZgzS
uxNEzYQE Py 8 zP 32 OKuSgpYE (PNQ PzSYQ OKuSgpYE KQY NEYB yPQ 8 oYpYQKzPQE KpB 16 Egpb
LDDiE). eY PrEYQJY zSKz zSY EuKxKrgxgzU PrnYuzgJYE Py rRdcpNkaQ KQY OYz: zSYQY
gE K xgpYKQ oKgp gp XYQyPQOKpuY rYzZYYp 8 zP 32 OKuSgpYE. VSY OKHgOKx ENXXPQzYB
zSQPNoSXNz rYzZYYp zSY EOKxxYQ KpB zSY xKQoYQ uPpfioNQKzgPp ZSYp NEgpo zSY MRi
XKQzgzgPpgpo gE KuzNKxxU 4.26H SgoSYQ, ZSguS gE OPEzxU BNY zP zSY QYBNuYB uPpzYpzgPp Pp
zSY Wi PXYQKzPQ ExguYE. eY pPzY zSKz zSY gOXKuz Py uxNEzYQgpo gE uPpEgEzYpz ZgzS ZSKz
ZY PrEYQJYB gp hgoNQY 4.10: zSQPNoSXNz gE yQPO 10% zP 28% rYzzYQ ZgzS uxNEzYQgpo
(EYY hgoNQY 4.8). VKrxY 4.2 XQYEYpzE zSY KJYQKoY YpB-zP-YpB BYxKUE (rYzZYYp zSY
QYuYXzgPp Py K XNrxguKzgPp KpB zSY QYuYXzgPp Py zSY uPQQYEXPpBgpo pPzgfiuKzgPpE rU
zSY ENrEuQgrYQE) PrEYQJYB rU uxgYpzE, KpB zSYgQ JKQgKzgPpE. Ip zSgE uKEY, ZY EYxYuzYB
zSY zSQPNoSXNz zP rY KQPNpB SKxy Py zSY OKHgOKx ENXXPQzYB zSQPNoSXNz gp zSY 16
KpB 32 pPBYE uPpfioNQKzgPpE. eY uPpEgBYQ zZP EYzzgpoE, ZgzS rKzuSgpo KpB ZgzSPNz.
qKzuSgpo gpuQYKEYE zSQPNoSXNz rNz KxEP gpzQPBNuYE YHzQK BYxKUE. LgEKrxgpo gz BgJgBYE
zSY OKHgOKx ENXXPQzYB zSQPNoSXNz rU KXXQPHgOKzYxU K yKuzPQ Py 2. Ip rPzS uKEYE
zSPNoS, zSY BYxKUE KQY xPZ (KQPNpB K EYuPpB ZgzS rKzuSgpo, PQ K yQKuzgPp Py K EYuPpB
ZgzSPNz gz) KpB XQYBguzKrxY KE zSYU ESPZ PpxU ExgoSz JKQgKzgPpE rYzZYYp XNrxguKzgPpE.

4.4.6 ODXHizQtDG lQMW RLBAgo

hPQ uPOXxYzYpYEE, ZY SKJY KxEP XYQyPQOYB YHXYQgOYpzE ZgzS zSY EKOY EYz Py ENr-
EuQgXzgPpE KpB XNrxguKzgPpE NEgpo zSY OPEz QYuYpz JYQEgPp Py iWLGMR [63] (J2.0).
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hgoNQY 4.12 – VSQPNoSXNz Py iWLGMR ZgzS 100,000 ENrEuQgXzgPpE. VSY pNOrYQ Py
SPEzE gE gpBguKzYB ZgzSgp XKQYpzSYEYE: K EgpoxY XNrxgESYQ (i) KpB K EgpoxY ENrEuQgrYQ
(R) ZYQY ENffiugYpz zP yNxxU xPKB zSY rQPbYQE (q).

WE BYzKgxYB gp PNQ gpzQPBNuzgPp, iWLGMR gE rKEYB Pp BgffYQYpz BYEgop uSPguYE zSKp
rRdcpNkaQ: gz YEzKrxgESYE KpB OKgpzKgpE K pYzZPQb Py rQPbYQE zSKz uPxxYuzgJYxU
gOXxYOYpz XNr/ENr yNpuzgPpKxgzU KpB gE EXYugfiu zP K XKQzguNxKQ fixzYQgpo EuSYOY, ZSgxY
PNQ BYEgop BYBguKzYE BgffYQYpz OKuSgpYE zP YKuS PXYQKzgPp KpB gE gpBYXYpBYpz yQPO
zSY KuzNKx fixzYQgpo EuSYOY zSKz gE NEYB.
tNQ iWLGMR EYzNX uPpEgEzE Py PpY XNrxgESYQ, PpY ENrEuQgrYQ, KpB K JKQUgpo pNOrYQ
Py rQPbYQE. eY JYQgfiYB zSKz pYgzSYQ zSY XNrxgESYQ pPQ zSY ENrEuQgrYQ QYXQYEYpz K
rPzzxYpYub gp zSY YHXYQgOYpzE. VSY XNrxgESYQ KpB zSY ENrEuQgrYQ KQY uPppYuzYB zP
YJYQU rQPbYQ. RNrEuQgXzgPpE KpB XNrxguKzgPpE KQY QKpBPOxU XKQzgzgPpYB KOPpo rQPbYQE.
MJYQU OKuSgpY YHYuNzYE 4 rQPbYQ gpEzKpuYE, ZSguS uPQQYEXPpBE zP SKxy Py gzE KJKgxKrxY
uPQYE. mEgpo Kxx uPQYE Pp YKuS OKuSgpYE UgYxBYB xPZYQ XYQyPQOKpuY fioNQYE, XQPrKrxU
BNY zP uPpzYpzgPp Pp QYEPNQuYE. GYENxzE KQY KJYQKoYB PJYQ 100 XNrxguKzgPpE, OYKENQYB
KyzYQ Kp gpgzgKx ZKQO-NX XSKEY Py 2,000 OYEEKoYE zP YpKrxY dIV PXzgOgvKzgPpE.
hgoNQY 4.12 ESPZE zSY zSQPNoSXNz KuSgYJYB ZgzS zSY EKOY 100,000 ENrEuQgXzgPpE KE yPQ
hgoNQY 4.11 KpB JKQgPNE pNOrYQE Py rQPbYQE. eY PrEYQJY zSKz iWLGMR EuKxYE ZYxx
yPQ NX zP 88 rQPbYQE (g.Y., 22 OKuSgpYE, YKuS QNppgpo 4 rQPbYQ XQPuYEEYE) rNz EYYOE
zP ENffYQ ZSYp KBBgpo OPQY rQPbYQE. WuzNKxxU, YKuS XNrxguKzgPp SKE zP rY fixzYQYB rU
ONxzgXxY rQPbYQE yPQ XQPXKoKzgPp zP PzSYQ rQPbYQE BNY zP zSY NEY Py QPNzgpo zKrxYE zSKz
KQY uPpEzQNuzYB KuuPQBgpo zP zSY fixzYQgpo EuSYOK zSKz gE NEYB. VSgE KBBE zP zSY PJYQKxx
xPKB KpB QYBNuYE zSY uPpzQgrNzgPp Py YKuS rQPbYQ zP PJYQKxx zSQPNoSXNz (hgoNQY 4.12).
eY fipKxxU PrEYQJY zSKz zSY OKHgOKx QKZ zSQPNoSXNz KuSgYJYB gp PNQ uxNEzYQ gE zZP
PQBYQE Py OKopgzNBY SgoSYQ ZgzS PNQ KQuSgzYuzNQY zSKp ZgzS iWLGMR. eSgxY K XKQz
Py zSgE BgffYQYpuY uKp rY KuuPNpzYB zP xKpoNKoY KpB gOXxYOYpzKzgPp BgffYQYpuYE, zSY
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4.5. omXXizu

SgoSYQ XKQKxxYxgEO KpB gpBYXYpBYpuY Py PXYQKzgPpE gp PNQ KQuSgzYuzNQY uxYKQxU SYxXE
gOXQPJgpo zSY fixzYQgpo zSQPNoSXNzE.

4.5 omXXizu

eY XQYEYpzYB K pPJYx BYEgop yPQ SgoS-zSQPNoSXNz XNr/ENr EYQJguYE. eY yPuNEYB Pp zSY
ENXXPQz Py xKQoY-EuKxY KXXxguKzgPpE uPOONpguKzgpo zSQPNoS K OKpKoYB YpJgQPpOYpz
XQPJgBgpo zSY XNr/ENr EYQJguY, ENuS KE K XNrxguxU KJKgxKrxY uxNEzYQ PQ K XNrxgu uxPNB
BYXxPUOYpz. tNQ KQuSgzYuzNQY gE SgoSxU XKQKxxYx KpB EuKxKrxY, KpB uKp QYKBgxU ENXXPQz
KQrgzQKQU uPOXxYH fixzYQgpo EuSYOYE, gpuxNBgpo YpuQUXzYB PQ EzKzY-rKEYB fixzYQgpo.
eY BP EP rU BYXKQzgpo yQPO XQYJgPNE KXXQPKuSYE rKEYB Pp rQPbYQ PJYQxKUE KpB
rU BYuPNXxgpo zSY KQuSgzYuzNQY KpB uPOONpguKzgPp flPZE Py zSY XNr/ENr EUEzYO
yQPO zSY fixzYQgpo EuSYOY(E) KpB zSY ENrEuQgXzgPpE ZPQbxPKB. tNQ gOXxYOYpzKzgPp,
rRdcpNkaQ, EXxgzE zSY XNr/ENr EYQJguY gpzP yNpBKOYpzKx PXYQKzgPpE, KxxPuKzYB zP
SPQgvPpzKxxU KpB JYQzguKxxU EuKxKrxY PXYQKzPQE ENXXPQzYB rU K EuKxKrxY EzQYKO XQPuYEEgpo
YpogpY. VSY YJKxNKzgPp Py rRdcpNkaQ Pp K uxNEzYQ ZgzS NX zP 384 uPQYE gpBguKzYE
zSKz gz uKp ENEzKgp SgoS zSQPNoSXNzE Py ENrEuQgXzgPp QYogEzQKzgPpE KpB XNrxguKzgPp
fixzYQgpo: ZY fixzYQ zSPNEKpBE Py XNrxguKzgPpE KoKgpEz SNpBQYBE Py zSPNEKpBE Py QYogEzYQYB
ENrEuQgXzgPpE, QYENxzgpo gp SNpBQYBE Py zSPNEKpBE pPzgfiuKzgPpE EYpz zP uxgYpzE YJYQU
EYuPpB.
VSgE ZPQb PXYpE EYJYQKx QYEYKQuS XYQEXYuzgJYE zSKz Zgxx rY XKQz Py PNQ yNzNQY ZPQb
Pp SgoS-zSQPNoSXNz XNr/ENr EYQJguYE yPQ xKQoY-EuKxY KXXxguKzgPp uPOXPEgzgPpE. VSY
NEY Py XQgJKuU-XQYEYQJgpo YpuQUXzYB fixzYQgpo gE K oQPZgpo QYjNgQYOYpz yPQ KXXxguK-
zgPpE QNppgpo Pp ONxzgXxY XQgJKzY uxPNBE KpB ENXXPQzYB rU NpzQNEzYB XNrxgu uxPNB
gpyQKEzQNuzNQYE XQPJgBgpo zSY XNr/ENr EYQJguY. eY XxKp Pp gpzYoQKzgpo ENuS YpuQUXzYB
fixzYQgpo KXXQPKuSYE [34, 60, 61, 94]. eY QYuYpzxU XQPXPEYB zYuSpgjNYE yPQ xPZYQgpo
zSYgQ uPOXNzKzgPpKx uPEz [13], zSKz ZY uKp YKEgxU gpzYoQKzY KE IsdNsIveD xgrQKQgYE.
iNrxguKzgPpE KpB ENrEuQgXzgPpE Zgxx pYYB zP rY YpuQUXzYB KpB BYuQUXzYB KE zSYU YpzYQ
KpB xYKJY NpzQNEzYB XNrxgu uxPNBE. VSgE uKp rY ENXXPQzYB gp K XKQKxxYx KpB EuKxKrxY
OKppYQ Kz zSY Wi KpB Mi PXYQKzPQ xYJYxE, KpB ENXXPQzYB rU XNr/ENr-EXYugfiu bYU
OKpKoYOYpz zYuSpgjNYE.
eY KxEP XxKp zP ENXXPQz hqraUTB aBrqTjR Py zSY rRdcpNkaQ KQuSgzYuzNQY. VSgE QYjNgQYE
PrEYQJgpo zSY ZPQbxPKB YHXYQgYpuYB rU YKuS Py zSY zSQYY PXYQKzPQE KpB KBKXzgpo zSY
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pNOrYQ Py XSUEguKx OKuSgpYE yPQ YKuS PXYQKzPQ KuuPQBgpo zP zSY QYjNgQYOYpzE Py zSY
uPQQYEXPpBgpo XNr/ENr PXYQKzgPp. VP zSKz YpB, ZY gpzYpB zP YHzYpB rRdcpNkaQ

ZgzS K QYEPNQuY XQPJgEgPpYQ yPQ EzQYKO XQPuYEEgpo.
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"aV SNQ OQic yVV N ywOnj IPyjNQSV NwVNI, gLj qV SNQ yVV

viVQjc jwVnV jwNj QVVIy jO gV IOQV."

WxKp VNQgpo, LWvpkUTjR vrBXTjhmw rjs TjUhqqTRhjBh

5
gaitMQPQMu

SXTa BXrpUhm Ta trahs Wj r prphm UXrU gra pmhyTWkaqw pktqTaXhs:

gaitMQP oPiaQGE Dv i fQEW-sWzDmEWHmM ODGMZGM-TitZC RmIaQtW/omItPzQIZ

gGEQGZ. Ip ZLdLH 2014: 33UX ZjUhmjrUTWj LWjuhmhjBh Wj dTaUmTtkUhs LWvpkUTjR

HwaUhva, AKBQgB, RXKgp, dNxU 2014, IMMM.

5.1 UGMzDCmPMQDG

DxPNB uPOXNzgpo XQPJgBYE XQPuYEEgpo gpyQKEzQNuzNQYE, XxKzyPQOE, PQ EPyzZKQY EPxNzgPpE
ra r ahmyTBh. tpY Py zSY bYU XQPOgEYE Py uxPNB uPOXNzgpo gE gzE ENXXPQz yPQ hqraUTBTUw [8],
g.Y., zSY KrgxgzU zP BUpKOguKxxU KBKXz zSY KOPNpz Py QYEPNQuYE KxxPuKzYB yPQ ENXXPQzgpo
K EYQJguY. VSKpbE zP YxKEzgugzU, uxPNB NEYQE pP xPpoYQ pYYB zP EzKzguKxxU XQPJgEgPp
zSYgQ gpyQKEzQNuzNQY. IpEzYKB, QYEPNQuYE uKp rY KBBYB (EuKxY PNz) PQ QYOPJYB (EuKxY
gp) Pp-BYOKpB gp QYEXPpEY zP JKQgKzgPpE gp zSY YHXYQgYpuYB xPKB [88]. VSgE KxxPZE K
EYQJguY zP KuuPOOPBKzY NpXQYBguzKrxY oQPZzS PQ BYuKU gp XPXNxKQgzU.
VP ENXXPQz YxKEzgugzU, Kp KXXxguKzgPp PQ EYQJguY BYXxPUYB Pp K uxPNB ONEz XQPJgBY
zSQYY bYU yYKzNQYE. hgQEz, gz ESPNxB rY gpzQgpEguKxxU aBrqrtqh: zSY KBBgzgPp PQ QYOPJKx Py
QYEPNQuYE ONEz QYENxz gp Kp gpuQYKEY, QYEXYuzgJYxU BYuQYKEY, Py zSY XQPuYEEgpo uKXKugzU
Py zSY EYQJguY. RYuPpB, gz ESPNxB ENXXPQz zSY swjrvTB rqqWBrUTWj Wu mhaWkmBha. VSgE
KxxPZE OPBgyUgpo Kz QNpzgOY zSY XQPuYEEgpo uKXKugzU Py K EYQJguY ZgzSPNz SKxzgpo PQ
QYEzKQzgpo zSKz EYQJguY. hgpKxxU, gz ESPNxB XQPJgBY shBTaTWj akppWmU, gp PQBYQ zP BQgJY
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hgoNQY 5.1 – VUXguKx JPxNOY Py zgubE (hQKpbyNQz RzPub MHuSKpoY, 2011/11/18).

zSY BUpKOgu KxxPuKzgPp rKEYB Pp zSY YHXYQgYpuYB ZPQbxPKB KpB KuuPQBgpo zP hqraUTBTUw

mkqha. VSYEY QNxYE zQgooYQ zSY KxxPuKzgPp Py pYZ QYEPNQuYE KpB zSY BYKxxPuKzgPp KpB
QYKxxPuKzgPp Py YHgEzgpo QYEPNQuYE rKEYB Pp zSY PrEYQJYB xPKB.
iNrxgES/ENrEuQgrY (XNr/ENr) [41] gE K BYuPNXxYB uPOONpguKzgPp XKQKBgoO zSKz gE
XKQzguNxKQxU ZYxx ENgzYB yPQ uxPNB-rKEYB BYXxPUOYpzE [5]. Ip XNr/ENr EUEzYOE, gpyPQ-
OKzgPp XQPBNuYQE, PQ pktqTaXhma, EYpB BKzK zP zSY XNr/ENr EYQJguY gp zSY yPQO Py
pktqTBrUTWja. VSY XNr/ENr EYQJguY gE zSYp gp uSKQoY Py BgEXKzuSgpo zSYEY XNrxguKzgPpE
zP Kxx zSY XKQzgYE, uKxxYB aktaBmTthma, zSKz XQYJgPNExU YHXQYEEYB gpzYQYEz gp zSYO rU zSY
OYKpE Py aktaBmTpUTWja. Ip zSY UWpTB-trahs OPBYx [5, 7], XNrxguKzgPpE KpB ENrEuQgXzgPpE
KQY KEEPugKzYB zP XQY-BYfipYB zPXguE. LWjUhjU-trahs XNr/ENr ENXXPQzE ENrEuQgXzgPpE
zSKz YHXQYEE gpzYQYEz KE fixzYQE Pp zSY uPpzYpz Py XNrxguKzgPpE, zUXguKxxU rU OYKpE Py
XQYBguKzYE PJYQ zSY KzzQgrNzYE KEEPugKzYB zP YKuS XNrxguKzgPp [4, 27, 29]. eY uPpEgBYQ
zSY OPQY oYpYQKx uPpzYpz-rKEYB OPBYx gp zSgE uSKXzYQ.
VSY xPKB YHXYQgYpuYB rU K XNr/ENr EUEzYO QNppgpo KE K EYQJguY gE rU pKzNQY BgffiuNxz
zP XQYBguz. VSY KOPNpz Py ENrEuQgrYQE KpB zSY JPxNOY Py XNrxguKzgPpE uKp JKQU
EgopgfiuKpzxU PJYQ zgOY. W zUXguKx YHKOXxY gE EzPub OKQbYz OPpgzPQgpo [14]: EzPub
YHuSKpoYE (XNrxgESYQE) EYpB QYKx-zgOY EzPub zgubE PQ jNPzYE, ZSgxY uxgYpzE (ENrEuQgrYQE)
QYogEzYQ zSYgQ gpzYQYEzE gp zgubE KpB/PQ jNPzYE QYxKzYB zP zSYgQ gpJYEzOYpz EzQKzYogYE,
Y.o., ZSYp zSY XQguY yPQ K ogJYp EzPub oPYE PJYQ PQ NpBYQ K EXYugfiu zSQYESPxB. Ip ENuS
K EYzzgpo, zSY JPxNOY Py XNrxguKzgPpE BYXYpBE Pp zSY KuzgJgzU Py zSY EzPub YHuSKpoYE,
ZSguS SKJY EXYugfiu XYQgPBE Py KuzgJgzU YJYQU ZPQb BKU KpB KQY uxPEYB Pp ZYYb-YpBE.
hgoNQY 5.1 ESPZE K zUXguKx zgub xPKB QYuPQBYB Pp zSY 18ag Py FPJYOrYQ 2011 Kz zSY
hQKpbyNQz RzPub MHuSKpoY. VSY JPxNOY ESKQXxU QgEYE ZSYp zSY zQKBgpo PXYpE Kz 9:00
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5.2. sWZ oMzZiXfmI oPiaiIaZ RmI/omI gGEQGZ

KpB QKXgBxU BYuxgpYE KyzYQ OKQbYz uxPEYE Kz 17:30. RzKzgu XQPJgEgPpgpo Py uxPNB QYEPNQuYE
yPQ K XNr/ENr EUEzYO ENXXPQzgpo zSY XYKb xPKB Py zSgE KXXxguKzgPp ZPNxB rY uPEz-
gpYffYuzgJY. DPpJYQEYxU, zSY KrgxgzU zP YxKEzguKxxU EuKxY zSY KOPNpz Py QYEPNQuYE KxxPZE
K rYzzYQ NzgxgvKzgPp Py zSY gpyQKEzQNuzNQY, zQKpExKzgpo gpzP rYzzYQ QYzNQp-Pp-gpJYEzOYpz
yPQ zSY EYQJguY XQPJgBYQ.
ODGMzQImMQDGt. Ip zSgE uSKXzYQ ZY XQYEYpz zSY BYEgop, gOXxYOYpzKzgPp, KpB YJKx-
NKzgPp Py Kp YxKEzgu XNr/ENr OgBBxYZKQY EYQJguY ENXXPQzgpo SgoS-zSQPNoSXNz KpB
xPZ-BYxKU uPpzYpz-rKEYB fixzYQgpo. tNQ EUEzYO, pKOYB c-rRdcpNkaQ, YHzYpBE K
EuKxKrxY rNz EzKzgu XNr/ENr YpogpY, rRdcpNkaQ [14], ZgzS uPOXQYSYpEgJY YxKEzgugzU
ENXXPQz. Iz ENXXPQzE KQrgzQKQU zUXYE Py fixzYQgpo PXYQKzgPpE, gpuxNBgpo YpuQUXzYB fixzYQ-
gpo yPQ XQgJKuU XQYEYQJKzgPp gp XNrxgu uxPNB EYzzgpoE. Iz xYJYQKoYE K EzQYKO XQPuYEEgpo
YpogpY, rRdcpNZhOc3m [22], KpB QYxgYE Pp K EYz Py EzQYKO XQPuYEEgpo WphmrUWma, YKuS
gOXxYOYpzgpo K EXYugfiu KEXYuz Py zSY XNr/ENr EYQJguY, KxxPZgpo zSY EUEzYO zP EuKxY
XWmTNWjUrqqw KpB yhmUTBrqqw ZgzS zSY pNOrYQ Py KxxPuKzYB pPBYE.
Ip zSgE ZPQb, ZY OKbY zSY yPxxPZgpo uPpzQgrNzgPpE: (1) ENXXPQz yPQ Exgugpo Py zSY
EzKzY KpB uPOXNzKzgPpE Py K SgoS-XYQyPQOKpuY KpB OKEEgJYxU XKQKxxYx XNr/ENr YpogpY;
(2) OgoQKzgPp OYuSKpgEOE yPQ BUpKOguKxxU KxxPuKzgpo QYEPNQuYE zP YKuS PXYQKzPQ Py
K XNr/ENr YpogpY ZgzS xPZ gOXKuz Pp BYxKUE KpB zSQPNoSXNz; (3) BYugEgPp ENXXPQz
yPQ YxKEzgugzU KpB QYEPNQuY KxxPuKzgPp rKEYB Pp EUEzYO PrEYQJKzgPp KpB YpyPQuYOYpz
Py oxPrKx KpB xPuKx YxKEzgugzU XPxgugYE; KpB (4) gOXxYOYpzKzgPp Py zSYEY OYuSKpgEOE
gp c-rRdcpNkaQ KpB zSYgQ YJKxNKzgPp Pp K XQgJKzY uxPNB Py 240 uPQYE, NEgpo QYKx
xPKB YJPxNzgPp zQKuYE yQPO zSY hQKpbyNQz RzPub MHuSKpoY. tNQ YJKxNKzgPp KxxPZE
KBKXzgpo zSY pNOrYQ Py OKuSgpYE NEYB zP zSY KuzNKx ZPQbxPKB YHXYQgYpuYB rU zSY
XNr/ENr EYQJguY, ZSgxY OKgpzKgpgpo uPpzgpNPNE PXYQKzgPp KpB ZgzS OgpgOKx gOXKuz Pp
pPzgfiuKzgPp BYxKUE.

5.2 sWZ oMzZiXfmI oPiaiIaZ RmI/omI gGEQGZ

eY XQYEYpz gp zSgE EYuzgPp zSY SgoS-xYJYx KQuSgzYuzNQY Py zSY XNr/ENr YpogpY zSKz
ZY YHzYpB yPQ YxKEzgugzU ENXXPQz, rRdcpNkaQ (EYY DSKXzYQ 4). IzE uPOXPpYpzE KQY
ESPZp gp hgoNQY 5.2. VSY BYEgop Py rRdcpNkaQ zKQoYzE SgoS zSQPNoSXNz fixzYQgpo
KpB pPzgfiuKzgPp XNr/ENr. Iz KxEP KgOE yPQ xPZ KpB EzKrxY xKzYpugYE. hPQ KpU ogJYp
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hgoNQY 5.2 – MHKOXxY Py K rRdcpNkaQ YpogpY BYXxPUYB Pp K XNrxgu uxPNB. MKuS
PXYQKzPQ gE ENXXPQzYB rU 6 ExguYE. MJYpzE flPZ yQPO xYyz zP QgoSz.

XNrxguKzgPp, zSY BYxKU yPQ pPzgyUgpo NEYQE ESKxx pPz JKQU OPQY zSKp K EOKxx yQKuzgPp Py
gzE KJYQKoY JKxNY.
VSY OKzuSgpo Py gpuPOgpo XNrxguKzgPpE KoKgpEz EzPQYB ENrEuQgXzgPpE gE XYQyPQOYB
gp rRdcpNkaQ rU OYKpE Py YHzYQpKx fixzYQgpo xgrQKQgYE. LYXxPUgpo K uPpzYpz-rKEYB
XNr/ENr EUEzYO gp K ESKQYB (XNrxgu) uxPNB gpyQKEzQNuzNQY XPEYE EYuNQgzU uSKxxYpoYE.
VSY JKxNYE Py zSY XNrxguKzgPpE’ KzzQgrNzYE KpB zSY ENrEuQgXzgPpE’ XQYBguKzYE OKU
QYJYKx uPpfiBYpzgKx gpyPQOKzgPp zSKz ONEz rY XQPzYuzYB yQPO XPzYpzgKx KzzKubYQE [106].
MpuQUXzYB fixzYQgpo zYuSpgjNYE [13, 34] KxxPZ OKzuSgpo YpuQUXzYB XNrxguKzgPpE KoKgpEz
YpuQUXzYB ENrEuQgXzgPpE, ZgzSPNz QYJYKxgpo zSYgQ PQgogpKx uPpzYpz. Ip zSY uPpzYHz Py
zSgE uSKXzYQ KpB gp PNQ YJKxNKzgPp, ZY yPuNE Pp uPOXNzKzgPpKxxU gpzYpEgJY YpuQUXzYB
fixzYQgpo NEgpo zSY WRiM KxoPQgzSO [34]. LNY zP zSY gpBYXYpBYpuY Py zSY KQuSgzYuzNQY
yQPO zSY fixzYQgpo EuSYOY, PNQ QYENxzE ZPNxB KXXxU zP KpU PzSYQ EuSYOY.
APEz Py zSY XQYJgPNE BgEzQgrNzYB uPpzYpz-rKEYB XNr/ENr KXXQPKuSYE ZYQY rKEYB Pp
Kp PJYQxKU Py rQPbYQE, ZSYQY YKuS rQPbYQ ZPNxB gOXxYOYpz Kxx PXYQKzgPpE Py zSY
XNr/ENr EYQJguY [27], KpB rQPbYQE ZPNxB SKJY zP OKgpzKgp QPNzgpo zKrxYE rYzZYYp zSYO
ZSPEY YffiugYpuU KpB uPpEzQNuzgPp uPEz BgQYuzxU BYXYpB Pp zSY ENrEuQgXzgPp OPBYx
KpB ZPQbxPKB. rRdcpNkaQ BYXKQzE yQPO zSY NEY Py rQPbYQ PJYQxKUE KpB KBPXzE K
zgYQYB KQuSgzYuzNQY ZgzS BYBguKzYB uPOXPpYpzE yPQ YKuS PXYQKzgPp. VSgE UgYxBE rYzzYQ
XYQyPQOKpuY KpB KxxPZE zSY EUEzYO zP EuKxY gpBYXYpBYpzxU Py zSY fixzYQgpo EuSYOY(E)
rYgpo NEYB. rRdcpNkaQ EXxgzE zSY XNr/ENr EYQJguY gpzP zSQYY yNpBKOYpzKx PXYQKzgPpE.
MKuS Py zSYEY PXYQKzgPpE gE OKXXYB zP Kp WphmrUWm EXKppgpo PJYQ Kp KQrgzQKQU pNOrYQ
Py XQPuYEEgpo YpzgzgYE, uKxxYB WphmrUWm aqTBha.
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5.2. sWZ oMzZiXfmI oPiaiIaZ RmI/omI gGEQGZ

VSY fiQEz PXYQKzgPp gE aktaBmTpUTWj prmUTUTWjTjR. Iz gE ENXXPQzYB rU Kp fBBhaa bWTjU

(Wi) PXYQKzPQ KpB EXxgzE zSY ZPQbxPKB Py ENrEuQgXzgPpE gp pPp-PJYQxKXXgpo EYzE, PpY yPQ
YKuS ExguY Py zSY pYHz PXYQKzPQ, NEgpo OPBNxP SKESgpo Pp ENrEuQgXzgPp gBYpzgfiYQE. VSgE
gpzQPBNuYE BKzK XKQKxxYxgEO KpB KxxPZE XQPuYEEgpo Py EYJYQKx gpuPOgpo XNrxguKzgPpE gp
XKQKxxYx KoKgpEz Kxx ENrEuQgXzgPpE. IpuPOgpo XNrxguKzgPpE KQY rQPKBuKEz zP QYKuS Kxx
ExguYE Py zSY pYHz PXYQKzPQ.
VSY EYuPpB PXYQKzgPp gE pktqTBrUTWj fiqUhmTjR. MKuS ExguY Py zSY uPQQYEXPpBgpo VrUBXTjR

(A) PXYQKzPQ gE KEEPugKzYB ZgzS Kp gpEzKpuY Py zSY fixzYQgpo xgrQKQU zSKz EzPQYE gpuPOgpo
ENrEuQgXzgPpE gp zSY EzKzY KEEPugKzYB ZgzS zSY ExguY. mXPp QYuYgJgpo K XNrxguKzgPp, zSY
xgrQKQU QYzNQpE zSY xgEz Py ENrEuQgrYQE zSKz SKJY QYogEzYQYB K OKzuSgpo ENrEuQgXzgPp.
VSY XNrxguKzgPp KpB zSgE xgEz KQY yPQZKQBYB zP zSY pYHz PXYQKzPQ. FPzY zSKz zSYQY
OgoSz rY EYJYQKx A PXYQKzPQE, PpY XYQ fixzYQgpo EuSYOY ENXXPQzYB rU zSY XxKzyPQO
(Y.o., YpuQUXzYB KpB pPp-YpuQUXzYB).
hgpKxxU, zSY zSgQB PXYQKzgPp gE pktqTBrUTWj sTaprUBXTjR. Iz gE ENXXPQzYB rU Kp YcTU bWTjU

(Mi) PXYQKzPQ ZSPEY oPKx gE zP uPxxYuz KpB uPOrgpY zSY xgEzE Py OKzuSgpo ENrEuQgrYQE
EYpz rU YKuS Py zSY A PXYQKzPQ ExguYE, yPQ YKuS XNrxguKzgPp. VSYEY xgEzE KQY BgEXKzuSYB
zP MiE NEgpo OPBNxP SKESgpo Pp XNrxguKzgPp gBYpzgfiYQE. WE K QYENxz, zSY xgEzE yPQ
K XKQzguNxKQ XNrxguKzgPp Zgxx Kxx QYKuS zSY EKOY Mi PXYQKzPQ ExguY. tpuY Kxx xgEzE
KQY uPxxYuzYB rU zSKz ExguY, K pPzgfiuKzgPp OYEEKoY gE XQYXKQYB KpB EYpz zP gpzYQYEzYB
ENrEuQgrYQE zSQPNoS zSY uPppYuzgPp XPgpz(E).
rRdcpNkaQ xYJYQKoYE zSY QNpzgOY ENXXPQz Py K EzQYKO-rKEYB XQPuYEEgpo YpogpY,
rRdcpNZhOc3m [22]. YyhjUa flPZ zSQPNoS K BgQYuzYB KuUuxgu oQKXS (LWf) Py
PXYQKzPQE. Wxx ExguYE Py Kp PXYQKzPQ NEY zSY EKOY XQPuYEEgpo uPBY yPQ SKpBxgpo
gpuPOgpo YJYpzE. RUpuSQPpgvYB KuuYEE zP PXYQKzPQ EzKzY uKp zKbY XxKuY gTUXTj r RTyhj

aqTBh rU NEgpo QYKB (G) KpB QYKB/ZQgzY (G/e) xPubE. W ExguY SKE pP KuuYEE zP zSY EzKzY
Py PzSYQ ExguYE, YJYp ZgzSgp zSY EKOY PXYQKzPQ. MKuS XSUEguKx pPBY (XWaU) ENXXPQzE
JYQzguKx EuKxKrgxgzU yPQ xPuKxxU-BYXxPUYB PXYQKzPQ ExguYE rU NEgpo K zSQYKB XPPx ZSPEY
EgvY gE KBKXzYB zP zSY pNOrYQ Py KJKgxKrxY uPQYE. MKuS ExguY uKp rY ENXXPQzYB rU
ONxzgXxY uPQYE PXYQKzgpo gp XKQKxxYx ZSYp zSY XQPuYEEgpo gE EzKzYxYEE PQ QYjNgQYE PpxU Kp
G xPub. rRdcpNZhOc3m ENXXPQzE BYXYpBKrgxgzU zSQPNoS XKEEgJY [85] PQ KuzgJY [84]
ExguY QYXxguKzgPp. VSgE QYjNgQYE pP OPBgfiuKzgPp zP zSY KXXxguKzgPp rNz zSY YJKxNKzgPp
Py zSYEY OYuSKpgEOE gE PNz Py zSY EuPXY Py zSY XQYEYpz uSKXzYQ.
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OWiHMZz 5. gaitMQPQMu

VSY PQgogpKx rRdcpNkaQ BYEgop KEENOYE K EzKzgu uPpfioNQKzgPp: YKuS PXYQKzPQ ExguY
gE KxxPuKzYB zP K EgpoxY SPEz KpB zSY pNOrYQ Py ExguYE yPQ YKuS PXYQKzPQ ONEz rY
BYzYQOgpYB OKpNKxxU rKEYB Pp zSY YHXYuzYB xPKB yPQ YKuS Py zSY XNr/ENr PXYQKzgPpE.
RNuS OKpNKx XQPJgEgPpgpo gE K uSKxxYpogpo zKEb KE zSY ZPQbxPKB gE pPz pYuYEEKQgxU
bpPZp gp KBJKpuY. MJYp gy zSY YHXYuzYB zSQPNoSXNz uPNxB rY YEzgOKzYB gp uYQzKgp
uKEYE, zSY gpzQgpEgu uSKQKuzYQgEzguE Py gzE gOXKuz Pp zSY xPKB YKuS PXYQKzPQ Zgxx SKJY zP
ENXXPQz KQY SKQB zP BYzYQOgpY. tJYQ-XQPJgEgPpgpo zSY PXYQKzPQE gE pPz BYEgQKrxY KE
zSY pNOrYQ Py EzPQYB ENrEuQgXzgPpE KpB zSY QKzY Py gpuPOgpo XNrxguKzgPpE Zgxx JKQU
PJYQ zgOY, zSNE xYKBgpo zP XPPQ uPEz-YffYuzgJYpYEE.
eSgxY EuKxKrgxgzU gE K XQgOKQU KpB pYuYEEKQU KEXYuz Py ENuS K OgBBxYZKQY EPxNzgPp, gz
gE pPz ENffiugYpz phm ah. tpY KxEP pYYBE zSY KrgxgzU zP BUpKOguKxxU KBKXz zSY pNOrYQ
Py SPEzE KxxPuKzYB zP YKuS Py zSY PXYQKzPQE, rKEYB Pp zSY PrEYQJYB xPKB Pp zSYgQ ExguYE.
eY XQYEYpz gp zSY QYOKgpgpo Py zSgE uSKXzYQ zSY OYuSKpgEOE (RYuzgPp 5.3) KpB XPxgugYE
(RYuzgPp 5.4) QYjNgQYB zP XQPJgBY YxKEzgugzU ZgzSgp zSY XNr/ENr YpogpY. VSYEY EPxNzgPpE
XQPJgBY OgpgOKx EYQJguY gpzYQQNXzgPp: zSYU OKgpzKgp K SgoS fixzYQgpo zSQPNoSXNz KpB
xPZ BYxKUE YJYp NpBYQ BUpKOgu QYuPpfioNQKzgPpE.

5.3 gaitMQPQMu xZPWiGQtXt

MxKEzgugzU gp c-rRdcpNkaQ gE ENXXPQzYB rU OgoQKzgpo PXYQKzPQ ExguYE KuQPEE K JKQUgpo
pNOrYQ Py SPEzE. VSY zPzKx pNOrYQ Py KuzgJY ExguYE NEYB rU K EgpoxY PXYQKzPQ KuQPEE Kxx
zSYEY SPEzE gE fiHYB: ZY zSNE XYQyPQO EzKzgu XKQzgzgPpgpo Py zSY PXYQKzPQ EzKzY. W EzKzgu
XKQzgzgPpgpo gE XQYyYQQYB KE gz BPYE pPz QYjNgQY zSY KXXxguKzgPp zP rY KZKQY Py EuKxgpo
PXYQKzgPpE, KJPgBgpo EXYugfiu NX-uKxxE yPQ EzKzY OKpKoYOYpz. hNQzSYQOPQY, NEgpo EzKzgu
XKQzgzgPpgpo QYxgYJYE yQPO NEgpo K QYEzQguzgJY EzPQKoY OPBYx zP KxxPZ EzKzY EXxgzzgpo KpB
uPKxYEugpo [46].
Ip zSY QYOKgpBYQ Py zSgE EYuzgPp ZY BYEuQgrY zSY OYuSKpgEOE yPQ PXYQKzPQ ExguY OgoQKzgPp
gp rRdcpNZhOc3m KpB zSY c-rRdcpNkaQ OKpKoYQ uPOXPpYpz zSKz PQuSYEzQKzYE
YxKEzgugzU KpB EUEzYO uPpfioNQKzgPp.

5.3.1 oaQPZ xQEziMQDG lQMW dDl UXHiPM DG BZaiut

AgoQKzgPp Py ExguYE gE ENXXPQzYB Kz zSY xYJYx Py rRdcpNZhOc3m. VSY QYjNgQYOYpz gE
zSKz zSY gpzYQQNXzgPp Py EYQJguY ONEz rY KE ESPQz KE XPEEgrxY. eY OgpgOgvY zSY BYxKU
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5.3. gaitMQPQMu xZPWiGQtXt

    OP:1

SM3G runtime

Host 1

    OP:1

SM3G runtime

Host 1

(inactive)

SM3G runtime

Host 2

buffer

 (inactive)

SM3G runtime

Host 1

(inactive)

SM3G runtime

Host 2

buffer

 (inactive)

SM3G runtime

Host 1

SM3G runtime

Host 2

  OP:1

SM3G runtime

Host 2

    OP:1

events

state

t t

t t+n
buffer

n

1 2 3 4 5

hgoNQY 5.3 – VSY fiJY OKgp EzYXE Py K ExguY OgoQKzgPp rYzZYYp zZP SPEzE.

gpzQPBNuYB gp zSY XQPuYEEgpo Py YJYpzE BNQgpo OgoQKzgPpE rU NEgpo ExguY BNXxguKzgPp
KpB gp-OYOPQU xPoogpo/rNffYQgpo Py YJYpzE.
VSY OgoQKzgPp OYuSKpgEO gE gxxNEzQKzYB rU hgoNQY 5.3. VSY ExguY zP OgoQKzY gpgzgKxxU
QNpE Pp K SPEz 1 (hgoNQY 5.3-¶). VSY c-rRdcpNkaQ OKpKoYQ (BYEuQgrYB xKzYQ gp zSgE
EYuzgPp) PQuSYEzQKzYE zSY OgoQKzgPp Py zSKz ExguY zP SPEz 2 ZSYp QYjNYEzYB rU zSY c-

rRdcpNkaQ YxKEzgugzU YpyPQuYQ (BYEuQgrYB gp zSY pYHz EYuzgPp). VSY rRdcpNZhOc3m

QNpzgOY uQYKzYE K pYZ ExguY Pp SPEz 2, ZSguS gE gpgzgKxxU gpKuzgJY. VSY PXYQKzPQ LWf
gE QYZgQYB gp PQBYQ zP BNXxguKzY Kxx gpuPOgpo YJYpzE yPQ zSKz ExguY (·). MJYpzE Ezgxx
QYKuS zSY PQgogpKx ExguY Pp SPEz 1 ZSYQY zSYU KQY XQPuYEEYB pPQOKxxU, rNz zSYU KxEP
QYKuS zSY pYZ ExguY Pp SPEz 2 ZSYQY zSYU KQY jNYNYB yPQ xKzYQ XQPuYEEgpo. VSYQY gE
PpY jNYNY XYQ PQgogpKzgpo ExguY Py zSY XQYJgPNE PXYQKzPQ. VSY uPXU Py zSY EzKzY zKbYE
XxKuY ZSYp Kxx jNYNYE uPpzKgp YJYpzE ZgzS EYjNYpuY pNOrYQE zSKz KQY xPZYQ zSKp PQ
YjNKx zP zSPEY Py YJYpzE KxQYKBU XQPuYEEYB Pp SPEz 1 yPQ zSY EKOY EPNQuY. qYyPQY
uPXUgpo zSY EzKzY, XQPuYEEgpo gE EzPXXYB Pp SPEz 1 (¸). VSY EzKzY gE KEEPugKzYB ZgzS K
zgOYEzKOX JYuzPQ. iQPuYEEgpo QYENOYE Pp SPEz 2 NEgpo YJYpzE yPxxPZgpo zSY OgoQKzYB
EzKzY’E zgOYEzKOX JYuzPQ, fixzYQgpo PrEPxYzY YJYpzE KpB XQYJYpzgpo BNXxguKzY XQPuYEEgpo
(¹), KpB zSY PQgogpKx ExguY Pp SPEz 1 gE QYOPJYB (»).
VSY ExguY OgoQKzgPp zgOY, KpB SYpuY zSY BNQKzgPp Py zSY EYQJguY gpzYQQNXzgPp, BYXYpBE
Pp zSY EzKzY EgvY. Wi PXYQKzPQ ExguYE KQY EzKzYxYEE KpB zSYQY gE pP uPXU XSKEY, zSYQYyPQY
xgOgzYB xKzYpuU gE YHXYuzYB BNQgpo K ExguY OgoQKzgPp. A PXYQKzPQ ExguYE SKJY K XYQEgEzYpz
EzKzY uPpEgEzgpo Py zSY EzPQYB ENrEuQgXzgPpE. VSY OgoQKzgPp BYxKU gE YHXYuzYB zP OPEzxU
BYXYpB Pp zSgE EzKzY EgvY. Mi PXYQKzPQ ExguYE KxEP OKgpzKgp K EzKzY, rNz gz gE zQKpEgYpz
KpB YHXYuzYB zP rY EOKxx: gz uPpEgEzE Py zSY xgEzE Py OKzuSgpo ENrEuQgrYQ gBYpzgfiYQE yPQ
XNrxguKzgPpE rYgpo XQPuYEEYB. VSYQYyPQY, OgoQKzgpo Mi PXYQKzPQ ExguYE gE YHXYuzYB zP
SKJY K EOKxx gOXKuz Pp zSY pPzgfiuKzgPp BYxKU.
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hgoNQY 5.4 – IpzYQKuzgPp Py zSY c-rRdcpNkaQ uPOXPpYpzE. MKuS SPEz QNpE Kp
gpEzKpuY Py zSY rRdcpNZhOc3m QNpzgOY (RA3f) KpB EYJYQKx PXYQKzPQ ExguYE. VSY
OKpKoYQ uPxxYuzE XQPrYE KrPNz zSY NzgxgvKzgPp Py zSY SPEzE yPQ YKuS gpBgJgBNKx ExguY
KpB OKgpzKgpE zSY uPpfioNQKzgPp gp kPPwYYXYQ. iQPrYE KQY BgEXKzuSYB zP zSY YxKEzgugzU
YpyPQuYQ, ZSguS zKbYE KE gpXNz K EYz Py YxKEzgugzU XPxgugYE KpB gEENY OgoQKzgPp QYjNYEzE
zP zSY OKpKoYQ.

5.3.2 sWZ Z-oMzZiXfmI xiGiEZz

VSY gpzYQKuzgPp Py zSY uPOXPpYpzE Py zSY EUEzYO gE gxxNEzQKzYB gp hgoNQY 5.4. VSY
OKpKoYQ gE gp uSKQoY Py zSY EUEzYO uPpfioNQKzgPp. Iz PQuSYEzQKzYE zSY OgoQKzgPpE
KuuPQBgpo zP zSY flPZ Py PXYQKzgPpE BYEuQgrYB KrPJY, KpB NXBKzYE zSY uPpfioNQKzgPp
KuuPQBgpoxU. AgoQKzgPpE KQY pPz gpgzgKzYB rU zSY OKpKoYQ gzEYxy rNz QYjNYEzYB rU zSY
YxKEzgugzU YpyPQuYQ uPOXPpYpz, BYEuQgrYB gp zSY pYHz EYuzgPp. VSY OKpKoYQ uPxxYuzE
XQPrYE yQPO Kxx XKQzgugXKzgpo SPEzE JgK SYKQzrYKzE. iQPrYE gpBguKzY yPQ YKuS ExguY zSY
Dim NzgxgvKzgPp, OYOPQU NzgxgvKzgPp, KpB pYzZPQb NEKoY. VSYU KQY zSYp KooQYoKzYB
Pp K XYQ-ExguY KpB XYQ-SPEz rKEgE, KpB EYpz zP zSY YxKEzgugzU YpyPQuYQ gp PQBYQ zP zQgooYQ
uSKpoYE zP zSY ExguY XxKuYOYpz KuuPQBgpo zP zSY gpXNz YxKEzgugzU XPxgugYE.
VSY PXYQKzgPp Py c-rRdcpNkaQ QYjNgQYE zSKz Kxx SPEzE ENXXPQzgpo zSY EUEzYO ESKQY
K uPOOPp uPpfioNQKzgPp. Wz zSY KXXxguKzgPp xYJYx, zSY EzKzgu uPpfioNQKzgPp KxxPZE, yPQ
gpEzKpuY, Mi PXYQKzPQ ExguYE zP bpPZ zSY KOPNpz Py A PXYQKzPQ ExguYE yQPO ZSguS
zSYU ONEz KZKgz OKzuSgpo ENrEuQgrYQ xgEzE. Wz zSY QNpzgOY xYJYx, zSY uPpfioNQKzgPp gE
BUpKOgu KpB gpuxNBYE zSY xPuKzgPp Py zSY ExguYE Pp zSY SPEzE, ZSguS gE NXBKzYB NXPp
OgoQKzgPpE. VSY PQuSYEzQKzgPp Py zSY OgoQKzgPp KpB zSY NXBKzY Py zSY uPpfioNQKzgPp
ONEz rY QYxgKrxY zP zPxYQKzY, gp XKQzguNxKQ, K yKgxNQY Py zSY OKEzYQ. VP zSgE YpB,
zSY ESKQYB uPpfioNQKzgPp KpB OgoQKzgPp PQuSYEzQKzgPp xYJYQKoY Kp gpEzKpuY Py zSY
kPPwYYXYQ [59] uPPQBgpKzgPp bYQpYx. kPPwYYXYQ OKgpzKgpE K EgOXxY fixYEUEzYO-xgbY
SgYQKQuSU Py ESKQYB PrnYuzE NEYB zP QYxgKrxU EzPQY zSY uPpfioNQKzgPp. Wz zSY uPQY Py
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kPPwYYXYQ, K QYxgKrxY KzPOgu rQPKBuKEz ZgzS PQBYQgpo oNKQKpzYYE Pp ONxzgXxY ENXXPQz
EYQJYQE uKp zPxYQKzY yKgxNQYE KpB OKgpzKgp uPpfioNQKzgPp KJKgxKrgxgzU. VSY ZSPxY EzKzY
Py zSY OKpKoYQ gE EzPQYB gp kPPwYYXYQ. VSgE KxxPZE zP YKEgxU QYEzKQz zSY OKpKoYQ gp
uKEY Py yKgxNQY.

5.4 gaitMQPQMu gGvDzPZz iGC RDaQPu

VSY YxKEzgugzU YpyPQuYQ BYugBYE Pp zSY XxKuYOYpz Py PXYQKzPQ ExguYE Pp SPEzE rU QYjNYEzgpo
OgoQKzgPpE zP zSY OKpKoYQ (Y.o., OgoQKzgPp Py A:3 yQPO SPEz 2 zP SPEz 3 gp hgoNQY 5.4).
Iz rKEYE gzE BYugEgPpE Pp gpXNz hqraUTBTUw pWqTBTha KpB Pp XQPrYE yQPO zSY OKpKoYQ. VSY
oPKx Py zSY YpyPQuYQ gE zP OKzuS XPxgugYE QYjNgQYOYpzE ZSgxY OgpgOgvgpo zSY pNOrYQ
KpB uPEz Py ExguYE OgoQKzgPpE KpB zSNE zSY gOXKuz Pp EYQJguY BYoQKBKzgPp.
VSY c-rRdcpNkaQ YxKEzgugzU XPxguU uPOrgpYE RqWtrq KpB qWBrq QNxYE. GNxYE KQY
YJKxNKzYB KE EPPp KE K EYz Py XQPrYE yPQ Kxx ExguYE SKE rYYp QYuYgJYB EgpuY zSYgQ xKEz
YJKxNKzgPp. agPxKzgPpE Py oxPrKx QNxYE uKNEY zSY EUEzYO zP EuKxY gp PQ PNz, rU KBBgpo
PQ QYOPJgpo SPEzE. RuKxgpo PNz gOXxgYE OPJgpo ExguYE yQPO PJYQxPKBYB SPEzE zP pYZxU
KBBYB PpYE. RuKxgpo gp gOXxgYE QY-BgEXKzuSgpo ExguYE yQPO zSY xYKEz xPKBYB SPEzE zP
PzSYQ SPEzE, KpB QYxYKEgpo zSY yPQOYQ. cPuKx QNxYE JgPxKzgPpE QYENxz gp K QY-KxxPuKzgPp
Py ExguYE KOPpo YHgEzgpo SPEzE. fxPrKx QNxYE SKJY zSY SgoSYEz XQgPQgzU: xPuKx QNxYE KQY
PpxU YJKxNKzYB ZSYp pP oxPrKx QNxY gE JgPxKzYB.
Ip zSgE ZPQb, ZY NEY KE XQgOKQU OYzQgu yPQ zSY YxKEzgugzU XPxguU zSY Dim NzgxgvKzgPp.
FYzZPQb rKpBZgBzS KpB OYOPQU uPpEzQKgpz KQY PpxU NEYB KE uPpEzQKgpz BNQgpo zSY
OgoQKzgPp BYugEgPpE.
VSY oxPrKx QNxY NEYB gp PNQ YJKxNKzgPp EzKzYE zSKz zSY KJYQKoY Dim xPKB yPQ YHgEzgpo
SPEzE ONEz QYOKgp gp zSY [30%:70%] QKpoY. c-rRdcpNkaQ EuKxYE PNz gy zSY KJYQKoY
xPKB YHuYYBE 70% yPQ Kz xYKEz 30 EYuPpBE KpB EuKxYE gp gy gz BQPXE rYxPZ 30% yPQ zSY
EKOY BNQKzgPp. VSY xPuKx YxKEzgugzU XPxguU EzKzYE zSKz zSY gpBgJgBNKx Dim NzgxgvKzgPp
yPQ K ogJYp SPEz ESKxx QYOKgp gp zSY [20%:80%] QKpoY, KxEP OYKENQYB PJYQ K 30 EYuPpBE
XYQgPB. hgpKxxU, zSY XPxguU EYzE K zKQoYz (gBYKx) KJYQKoY Dim NzgxgvKzgPp Py 50% KpB
EXYugfiYE K oQKuY XYQgPB Py Kz xYKEz 30 EYuPpBE rYzZYYp OgoQKzgPp QYjNYEzE gp PQBYQ zP
QYBNuY zSY XQPrKrgxgzU Py zSQKESgpo.
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Host 1 Host 2

12%AP:1

11%AP:2

25%M:1

25%M:2

26%M:3

23%M:4

13%EP:1

12%EP:2

Host 1 Host 2

25%M:1

25%M:2

26%M:3

23%M:4

Host 3

12%AP:1

11%AP:2

13%EP:1

12%EP:2

before scale out after scale out

hgoNQY 5.5 – MHKOXxY Py K ExguY XxKuYOYpz BYugEgPp.

VSY YxKEzgugzU YpyPQuYQ YHYuNzYE K zZP-EzYX QYEPxNzgPp KxoPQgzSO ZSYp K oxPrKx PQ xPuKx
QNxY gE JgPxKzYB. hgQEz, gz BYugBYE Pp zSY EYz Py ExguYE zP OgoQKzY. RYuPpB, gz BYugBYE Pp
K pYZ XxKuYOYpz (BYEzgpKzgPp SPEzE) yPQ zSYEY ExguYE.
eY EzKQz rU BYEuQgrgpo zSY uKEY Py K EuKxY PNz PXYQKzgPp, NXPp K JgPxKzgPp Py zSY
70% KJYQKoY Dim NzgxgvKzgPp zSQYESPxB Py zSY oxPrKx XPxguU. VSY ExguY EYxYuzgPp EzYX
uPpEgEzE gp gBYpzgyUgpo K EYz Py ExguYE, ZSPEY ENOOYB Dim NzgxgvKzgPp gE xKQoYQ zSKp,
PQ YjNKx zP, zSY KrEPxNzY BgffYQYpuY rYzZYYp zSY uNQQYpz NzgxgvKzgPp KpB zSY KJYQKoY
NzgxgvKzgPp zKQoYz (50% gp PNQ uKEY), EzKQzgpo yQPO PJYQxPKBYB SPEzE. VSgE uPQQYEXPpBE
zP zSY aktahU akv XQPrxYO [83], ZSguS gE EPxJYB NEgpo BUpKOgu XQPoQKOOgpo ZgzS
XEYNBP-XPxUpPOgKx uPOXxYHgzU. VSgE QYzNQpE K EYz Py JKxgB EPxNzgPpE, KOPpo ZSguS ZY
EYxYuz zSY PpY gpuNQQgpo zSY OgpgOKx KOPNpz Py EzKzY zQKpEyYQ (KE QYXPQzYB rU OYOPQU
NzgxgvKzgPp XQPrYE). VSgE KxxPZE NE zP OgpgOgvY zSY uPEz KpB BNQKzgPp Py OgoQKzgPpE
KpB zP QYBNuY EYQJguY BYoQKBKzgPp.
VSY EYuPpB EzYX gE zSY XxKuYOYpz Py zSY ExguYE EYxYuzYB yPQ OgoQKzgPp. VSY YpyPQuYQ
NEYE K MTmaU MTU rgp XKubgpo KXXQPKuS [35]. TPEzE KQY OPBYxYB KE rgpE ZgzS uKXKugzgYE
QYflYuzgpo zSY KJKgxKrxY Dim QYEPNQuYE. MKuS ExguY gE OPBYxYB KE Kp gzYO ZgzS ZYgoSz
YjNKx zP zSY Dim NEKoY Py zSY ExguY. W ExguY uKp PpxU rY KEEgopYB zP K SPEz ZSYp
gzE xPKB gE EOKxxYQ zSKp zSY QYOKgpgpo Dim uKXKugzU Py zSY SPEz. VSY rgp XKubgpo
KXXQPKuS EzKQzE yQPO zSY uNQQYpz XxKuYOYpz Py ExguYE ZgzSPNz zSY ExguYE EYxYuzYB yPQ
OgoQKzgPp. Iz oQYYBgxU KEEgopE OgoQKzYB ExguYE zP SPEzE, gp BYuQYKEgpo PQBYQ Py Dim
NzgxgvKzgPp. hNQzSYQOPQY, zSY YpyPQuYQ KNzPOKzguKxxU BYQgJYE KxxPuKzgPp BYugEgPpE yPQ
pYZ SPEzE gy zSY EXKQY EUEzYO uKXKugzU gE pPz ENffiugYpz zP KuuPOOPBKzY K OgoQKzgpo
ExguY ZgzSPNz JgPxKzgpo K xPuKx QNxY. VSY uPEz Py zSY EYuPpB EzYX gE xgpYKQ gp zSY pNOrYQ
Py SPEzE KpB ExguYE gp zSY EUEzYO.
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hgoNQY 5.5 gxxNEzQKzYE ExguY XxKuYOYpz. VSY EUEzYO EzKQzE ZgzS Kp KJYQKoY xPKB Py
74+73

2 = 73.5%, JgPxKzgpo zSY oxPrKx QNxY KpB QYjNgQgpo zSY EUEzYO zP EuKxY PNz. Ip
PQBYQ zP QYKuS K zKQoYz NzgxgvKzgPp zSKz gE xYEE zSKp PQ YjNKx zP 50% yPQ Kxx SPEzE,
zSY fiQEz EzYX EYxYuzE ExguYE Wi:1 KpB Wi:2 yPQ SPEz 1 KpB ExguYE Mi:1 KpB Mi:2 yPQ
SPEz 2, KOPpo XPEEgrxY EYzE, KE zSYEY SKJY zSY xPZYEz OYOPQU NEKoY. VSY EYuPpB EzYX
gBYpzgfiYE zSKz K pYZ SPEz gE QYjNgQYB yPQ K XxKuYOYpz zSKz BPYE pPz rQYKb zSY 50%
OKH NzgxgvKzgPp QNxY. Wxx EYxYuzYB ExguYE KQY OgoQKzYB zP zSKz pYZ SPEz.
eSYp K oxPrKx QNxY JgPxKzgPp QYjNgQYE EuKxgpo gp, zSY fiQEz EzYX gE zP uKxuNxKzY zSY
QYjNgQYB pNOrYQ Py SPEzE KE zSY BgffYQYpuY rYzZYYp zSY uNQQYpz pNOrYQ Py SPEzE KpB
zSY OgpgOKx pNOrYQ Py SPEzE QYjNgQYB yPQ Kp KJYQKoY xPKB YjNKx zP PQ SgoSYQ zSKp 50%.
Ip zSY EYuPpB EzYX, zSY YpyPQuYQ OKQbE zSY xYKEz xPKBYB SPEz yPQ QYxYKEY. RxguYE yQPO
zSKz SPEz KQY QYKEEgopYB PpzP KxQYKBU QNppgpo SPEzE KpB zSY SPEz gE QYxYKEYB ZSYp gz
rYuPOYE YOXzU. VSgE XQPuYBNQY gE QYXYKzYB Npzgx zSY QYjNgQYB pNOrYQ Py SPEzE SKE
rYYp QYxYKEYB.
cPuKx XPxguU YpyPQuYOYpz NEYE zSY EKOY zZP EzYXE, YHuYXz zSKz PpxU ExguYE yQPO zSY
NpBYQxPKBYB PQ PJYQxPKBYB SPEz KQY uPpEgBYQYB rU zSY rgp XKubgpo KxoPQgzSO.

5.5 gKiamiMQDG

eY XQYEYpz gp zSgE EYuzgPp zSY YHXYQgOYpzKx YJKxNKzgPp Py c-rRdcpNkaQ. eY fiQEz
YJKxNKzY zSY rKEYxgpY XYQyPQOKpuY ZgzSPNz YxKEzgugzU ENXXPQz. VSYp, ZY OYKENQY zSY
uPEz Py OgoQKzgPpE KpB zSYgQ gOXKuz Pp pPzgfiuKzgPp BYxKUE. eY fipKxxU PrEYQJY zSY
rYSKJgPQ Py c-rRdcpNkaQ gp zYQOE Py SKQBZKQY QYEPNQuY NzgxgvKzgPp KpB pPzgfiuKzgPp
BYxKUE, NpBYQ EUpzSYzgu KpB zQKuY-rKEYB xPKB YJPxNzgPp XKzzYQpE.

5.5.1 ghHZzQXZGMia oZMmH

eY BYXxPU c-rRdcpNkaQ gp K XQgJKzY uxPNB Py 30 SPEzE QNppgpo LYrgKp cgpNH 6.0.7
RjNYYvY (bYQpYx 2.6.32-48). MKuS SPEz yYKzNQYE zZP jNKB-uPQY lYPp M5405 2.0 fTv
XQPuYEEPQE KpB 8 fq Py GWA. TPEzE KQY gpzYQuPppYuzYB rU K 1 frXE EZgzuSYB pYzZPQb.
eY NEY K fiHYB pNOrYQ Py 8 ExguYE yPQ zSY Wi KpB Mi PXYQKzPQE, KpB 16 ExguYE yPQ zSY
A PXYQKzPQ. VSY kPPwYYXYQ EYQJguY, zSY YxKEzgugzU YpyPQuYQ, KpB zSY c-rRdcpNkaQ

OKpKoYQ QNp Pp EYXKQKzY SPEzE. Ip KBBgzgPp zP zSY Wi, A KpB Mi PXYQKzPQE, ZY BYXxPU
Pp 4 BYBguKzYB SPEzE zZP uPpJYpgYpuY PXYQKzPQE, zSY EPNQuY KpB zSY Egpb, YKuS ZgzS 4
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ExguYE. VSY EPNQuY PXYQKzPQ XNESYE ENrEuQgXzgPpE KpB XNrxguKzgPpE zP zSY EUEzYO yQPO
XQY-YpuQUXzYB YJYpzE EzPQYB Pp BgEb. VSY Egpb PXYQKzPQ QYuYgJYE zSY pPzgfiuKzgPpE. eY
XxKuY zSY EPNQuY KpB Egpb PXYQKzPQ ExguYE zZP-rU-zZP PpzP zSY EKOY pPBYE. eY OYKENQY
zSY pPzgfiuKzgPp BYxKUE rYzZYYp PpY EPNQuY PXYQKzPQ ExguY KpB zSY Egpb PXYQKzPQ ExguYE
Pp zSY EKOY SPEz, zP KJPgB zSY YffYuz Py XPzYpzgKx uxPub BQgyzE Pp BYxKU OYKENQYOYpzE.
VSY pNOrYQ Py pPzgfiuKzgPpE gE xKQoY YpPNoS yPQ zSY OYKENQYB KJYQKoY KpB EzKpBKQB
BYJgKzgPp zP rY EzKzgEzguKxxU EgopgfiuKpz.

5.5.2 JDzFaDiC

tNQ YJKxNKzgPp yPuNEYE Pp zSY ENXXPQz Py YxKEzgu XNr/ENr KE K EYQJguY QNppgpo Pp K
NpzQNEzYB XNrxgu uxPNB. eY zSYQYyPQY NEY zSY WRiM [34] YpuQUXzYB fixzYQgpo EuSYOY,
KpB ZPQbxPKBE Py XQY-YpuQUXzYB ENrEuQgXzgPpE KpB XNrxguKzgPpE. eSgxY zSY XYQyPQOKpuY
Py XxKgp-zYHz fixzYQgpo OKU BYXYpB Pp zSY uSKQKuzYQgEzguE Py zSY ZPQbxPKB, ENuS KE zSY
XPEEgrgxgzU zP xYJYQKoY uPpzKgpOYpz rYzZYYp ENrEuQgXzgPpE [4, 13, 27, 29, 41, 43, 78],
YpuQUXzYB fixzYQgpo ENuS KE ZgzS WRiM QYjNgQYE fixzYQgpo YKuS gpuPOgpo XNrxguKzgPp
KoKgpEz Kxx EzPQYB ENrEuQgXzgPpE. MKuS gpBgJgBNKx fixzYQgpo PXYQKzgPp uPEz gE jNKBQKzgu
gp pNOrYQ Py KzzQgrNzYE (t( x 2)). VSY EzKzgu XYQyPQOKpuY Py c-rRdcpNkaQ gE zSNE
gOXKuzYB rU zZP yKuzPQE. hgQEz, zSY pNOrYQ Py KzzQgrNzYE x SKE Kp gOXKuz Pp zSY
uPEz Py YKuS gpBgJgBNKx fixzYQgpo PXYQKzgPp Kz zSY A PXYQKzPQ xYJYx. eY NEY K WRiM
EuSYOK ZgzS x = 4 KzzQgrNzYE. RYuPpB, zSY OKzuSgpo QKzY gE zSY XQPrKrgxgzU zSKz K
XNrxguKzgPp Zgxx OKzuS YKuS ENrEuQgXzgPp. Iz gOXKuzE Pp zSY pNOrYQ Py pPzgfiuKzgPpE
Kp gpuPOgpo XNrxguKzgPp oYpYQKzYE, KpB zSYQYyPQY Pp zSY xPKB Kz zSY Mi PXYQKzPQ xYJYx.
eY oYpYQKzY ENrEuQgXzgPpE ZgzS Kp KJYQKoY OKzuSgpo QKzY Py 1%. mpxYEE YHXxgugzxU
pPzYB, ZY NEY K ZPQbxPKB Py 100,000 ENrEuQgXzgPpE. MKuS XNrxguKzgPp zSNE oYpYQKzYE Kp
KJYQKoY Py 1,000 pPzgfiuKzgPpE. RgpuY ZY NEY YpuQUXzYB fixzYQgpo, ZSYQY YKuS XNrxguKzgPp
SKE zP rY OKzuSYB KoKgpEz YKuS PpY Py zSY EzPQYB ENrEuQgXzgPpE, PNQ YHXYQgOYpzE KQY
gpBYXYpBYpz Py zSY pKzNQY Py zSY ZPQbxPKB KE zSYQY gE pP ENXXPQz yPQ uPpzKgpOYpz
gp zSY WRiM EuSYOY. eY zSYQYyPQY BP pPz pYYB zP NEY zQKuYE KpB QYxU Pp EUpzSYzgu
ENrEuQgXzgPpE KpB XNrxguKzgPpE.
tNQ YHXYQgOYpzE KxZKUE rYogp ZgzS K ENrEuQgXzgPp EzPQKoY XSKEY ZSYQY ENrEuQgXzgPpE
KQY EzPQYB gp zSY EUEzYO XQgPQ zP EYpBgpo KpU XNrxguKzgPp. VSYp, zSY QKzY Py XNrxguKzgPpE
gE YgzSYQ zSY OKHgOKx PpY ENXXPQzYB rU zSY EUEzYO (yPQ zSY rKEYxgpY YJKxNKzgPp gp K
pPp-YxKEzgu EYzzgpo), rKEYB Pp EUpzSYzgu BYEuQgXzgPpE Py zSY QKzY YJPxNzgPp, PQ rKEYB
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hgoNQY 5.6 – iYQyPQOKpuY Py EzKzgu c-rRdcpNkaQ (100 w ENrEuQgXzgPpE).

Pp zSY zgub zQKuY yQPO zSY hQKpbyNQz EzPub YHuSKpoY BYEuQgrYB gp PNQ gpzQPBNuzgPp
(hgoNQY 5.1).

5.5.3 TitZaQGZ oMzZiXfmI RZzvDzXiGPZ

eY EzKQz rU YJKxNKzgpo zSY rKEYxgpY XYQyPQOKpuY Py c-rRdcpNkaQ ZgzS 100 w
ENrEuQgXzgPpE. eY uPpEgBYQ EzKzgu uPpfioNQKzgPpE Py 2 zP 12 SPEzE BYBguKzYB zP zSY
c-rRdcpNkaQ YpogpY KpB ENXXPQzgpo Wi, A, KpB Mi PXYQKzPQ ExguYE. eY NEYB zZguY
KE OKpU SPEzE yPQ zSY A PXYQKzPQ zSKp yPQ YKuS Py zSY zZP PzSYQE. egzS 8 SPEzE, ZY
BYXxPU Wi ExguYE Pp 2 SPEzE (4 XQPuYEEPQE, 16 uPQYE), A ExguYE Pp 4 SPEzE (32 uPQYE),
KpB Mi ExguYE Pp 2 SPEzE (16 uPQYE). RxguYE yQPO zZP BgffYQYpz PXYQKzPQE uKp rY XxKuYB
Pp zSY EKOY SPEz (Y.o., ZgzS 2 SPEzE, PpY SPEz QNpE Kxx Wi KpB Mi PXYQKzPQE ExguYE).
VSgE XxKuYOYpz gE pPz oNKQKpzYYB zP rY PXzgOKx gp zYQOE Py Dim NzgxgvKzgPp Py zSY
SPEzE rNz KxxPZE NE zP EgOXxU gxxNEzQKzY zSY xgpYKQ EuKxgpo rYSKJgPQ.
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LR x (12.5 w) x (50 w) gR
iKZziEZ 232 OE 1.497 E 2.533 E 275 OE
tMC. CZK. 31 OE 354 OE 1.557 E 52 OE

VKrxY 5.1 – AgoQKzgPp zgOYE, 100 XNrxguKzgPpE/E, 12.5 w PQ 50 w ENrEuQgXzgPpE EzPQYB
XYQ A PXYQKzPQ ExguY, yPQ K zPzKx Py 100 w KpB 500 w ENrEuQgXzgPpE, QYEXYuzgJYxU.

hgoNQY 5.6.NX XQYEYpzE zSY OKHgOKx zSQPNoSXNz ENXXPQzYB rU YKuS uPpfioNQKzgPp,
rYyPQY YJYpzE EzKQz KuuNONxKzgpo Kz zSY gpXNz Py zSY Wi PXYQKzPQ. VSY zSQPNoSXNz
gE XYQyYuzxU xgpYKQ KE YHXYuzYB [14]. 12 SPEzE ENXXPQz K flPZ Py 422 XNrxguKzgPpE XYQ
EYuPpB, uPQQYEXPpBgpo zP 42.2 OgxxgPpE YpuQUXzYB fixzYQgpo PXYQKzgPpE KpB 422,000
pPzgfiuKzgPpE EYpz XYQ EYuPpB.
eY YJKxNKzY zSY BYxKUE rU ENrOgzzgpo zP YKuS uPpfioNQKzgPp Kp gpuPOgpo XNrxguKzgPp
QKzY Py SKxy zSY OKHgOKx zSQPNoSXNz, uPQQYEXPpBgpo zP zSY zKQoYz xPKB EYz gp PNQ
YxKEzgugzU XPxguU. hgoNQY 5.6.rPzzPO XQYEYpzE zSY YJPxNzgPp Py BYxKUE rYzZYYp zSY
EYpBgpo Py YKuS XNrxguKzgPp rU zSY EPNQuY PXYQKzPQ KpB zSY QYuYXzgPp Py zSY xKEz
pPzgfiuKzgPp rU zSY Egpb PXYQKzPQ. hPQ YKuS uPpfioNQKzgPp, EzKubYB XYQuYpzgxYE KQY
QYXQYEYpzYB KE ESKBYE Py oQYU. hPQ gpEzKpuY, ZgzS 12 SPEzE, zSY OgpgOKx BYxKU gE
55 OE, ZSgxY yPQ 75% Py zSY XNrxguKzgPpE zSY pPzgfiuKzgPp gE QYuYgJYB rU zSY xKEz pPzgfiYB
ENrEuQgrYQ gp xYEE zSKp 247 OE.

5.5.4 SHZziMDz oaQPZ xQEziMQDG RZzvDzXiGPZ

eY pPZ XQPuYYB zP zSY YJKxNKzgPp Py zSY XYQyPQOKpuY Py ExguY OgoQKzgPp. VKrxY 5.1
XQYEYpzE zSY KJYQKoY KpB EzKpBKQB BYJgKzgPp Py zSY OgoQKzgPp zgOY yPQ zSY zSQYY
PXYQKzPQE, PJYQ 25 OgoQKzgPpE. eY uPpEgBYQ xKQoYQ ExguYE: 4, 8, KpB 4 ExguYE yPQ zSY Wi,
A KpB Mi PXYQKzPQE, QYEXYuzgJYxU BYXxPUYB Pp 2, 4, KpB 2 SPEzE KE zSY gpgzgKx XxKuYOYpz.
MKuS OgoQKzgPp XgubE K QKpBPO ExguY Py zSY uPQQYEXPpBgpo PXYQKzPQ KpB OgoQKzYE gz zP
KpPzSYQ SPEz. VSY EUEzYO gE NpBYQ K uPpEzKpz flPZ Py 100 XNrxguKzgPp/E, ExgoSzxU xYEE
zSKp SKxy gzE OKHgOKx fixzYQgpo zSQPNoSXNz (hgoNQY 5.6), KpB ZY uPpEgBYQ zSY EzPQKoY
Py 100 w ENrEuQgXzgPpE (12.5 w XYQ A PXYQKzPQ ExguY) KpB 500 w ENrEuQgXzgPpE (50 w
XYQ A PXYQKzPQ ExguY). AgoQKzgPp zgOYE KQY JYQU EOKxx yPQ zSY Wi PXYQKzPQ, ZSguS
gE EzKzYxYEE, KpB yPQ zSY Mi PXYQKzPQ, ZSguS SKE K JYQU EOKxx EzKzY. VSY EzKpBKQB
BYJgKzgPpE KQY KxEP EOKxx uPOXKQYB zP zSY KJYQKoY. AgoQKzgPpE Py A PXYQKzPQ ExguYE KQY
OPQY uPEzxU, KE YHXYuzYB. VSY EzKzY EgvY gOXKuzE Pp zSY OgoQKzgPp zgOY, rNz BYxKUE
QYOKgp QYKEPpKrxY YJYp yPQ zSY JYQU xKQoY pNOrYQ Py ENrEuQgXzgPpE uPpEgBYQYB. eY
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5.5. gKiamiMQDG
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hgoNQY 5.7 – IOXKuz Py OgoQKzgPpE Pp BYxKU (Ogp, KJYQKoY, OKH).

BYxgrYQKzYxU YJKxNKzYB EOKxx BYXxPUOYpzE (ZgzS 4 A PXYQKzPQE) KpB xKQoY pNOrYQE Py
ENrEuQgXzgPpE (NX zP 500 w), zP ESPZ zSKz YJYp BgEXQPXPQzgPpKzYxU xKQoY OgoQKzgPpE
zKbY XxKuY ZgzSgp K yYZ EYuPpBE.
tNQ pYHz YHXYQgOYpz YJKxNKzYE zSY gOXKuz Py OgoQKzgPpE Pp zSY YHXYQgYpuYB BYxKUE. eY
NEY zSY EKOY uPpfioNQKzgPp KE XQYJgPNExU, ZgzS 100 w EzPQYB ENrEuQgXzgPpE. hgoNQY 5.7
gpBguKzYE zSY BYxKU KJYQKoY, BYJgKzgPp, KpB Ogp/OKH JKxNYE, KpB XPgpzE zSY zgOY ZSYp
ZY XYQyPQO OgoQKzgPpE, QYEXYuzgJYxU, yPQ zZP Wi PXYQKzPQ ExguYE uPpEYuNzgJYxU, yPQ zZP
A PXYQKzPQ ExguYE uPpEYuNzgJYxU, KpB fipKxxU yPQ PpY Py zSY Mi PXYQKzPQ ExguYE. eY
PrEYQJY zSKz zSY pPzgfiuKzgPp BYxKU gpuQYKEYE yQPO zSY EzYKBU EzKzY Py 500 OE zP K
OKHgOKx JKxNY Py xYEE zSKp zZP EYuPpBE KyzYQ OgoQKzgPpE zKbY XxKuY, ZSgxY zSY KJYQKoY
pPzgfiuKzgPp BYxKU QYOKgpE rYxPZ K EYuPpB yPQ zSY OPEz XKQz.

5.5.5 gaitMQP oPiaQGE mGCZz wizuQGE JDzFaDiCt

eY pPZ YJKxNKzY zSY uPOXxYzY c-rRdcpNkaQ ZgzS YxKEzgugzU ENXXPQz. eY EzKQz ZgzS
K EUpzSYzgu rYpuSOKQb. GYENxzE KQY XQYEYpzYB rU hgoNQY 5.8. VSY fiQEz XxPz BYXguzE
zSY xPKB YJPxNzgPp. eY EzKQz ZgzS K EgpoxY SPEz zSKz gpgzgKxxU QNpE Kxx 32 ExguYE (Wi
KpB Mi: 8 ExguYE, A: 16 ExguYE). VSY EUEzYO gE gpgzgKxxU yYB ZgzS 100 w YpuQUXzYB
ENrEuQgXzgPpE. eY oQKBNKxxU gpuQYKEY zSY QKzY Py YpuQUXzYB XNrxguKzgPpE, Npzgx ZY
QYKuS 350 XNrxguKzgPpE XYQ EYuPpB. WyzYQ K QKzY EzKrgxgzU XYQgPB, ZY BYuQYKEY zSY QKzY
oQKBNKxxU rKub zP pP KuzgJgzU.
eY PrEYQJY zSY pNOrYQ Py SPEzE NEYB rU zSY EUEzYO, KE BUpKOguKxxU XQPJgEgPpYB rU zSY
YpyPQuYQ, gp zSY EYuPpB XxPz. VSY OgpgONO, KJYQKoY KpB OKHgONO Dim xPKB PrEYQJYB
Kz zSYEY SPEzE KQY XQYEYpzYB rU zSY zSgQB XxPz. hgpKxxU zSY KJYQKoY BYxKUE KpB EzKpBKQB
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OWiHMZz 5. gaitMQPQMu
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hgoNQY 5.8 – MxKEzgu EuKxgpo NpBYQ K EzYKBgxU gpuQYKEgpo KpB BYuQYKEgpo EUpzSYzgu
ZPQbxPKB KpB 20 w YpuQUXzYB ENrEuQgXzgPpE.
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5.5. gKiamiMQDG
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OWiHMZz 5. gaitMQPQMu

BYJgKzgPpE KQY ESPZp Pp zSY yPNQzS XxPz. hPQ Kxx XxPzE, ZY XQYEYpz KJYQKoYE, EzKpBKQB
BYJgKzgPpE, OgpgONO, PQ OKHgONO JKxNYE PrEYQJYB PJYQ XYQgPBE Py 30 EYuPpBE.
eY uxYKQxU PrEYQJY zSKz zSY EUEzYO OYYzE zSY YHXYuzKzgPpE EYz rU zSY YxKEzgugzU XPxguU.
VSY pNOrYQ Py SPEzE oQKBNKxxU gpuQYKEYE zPZKQBE 15 SPEzE. VSgE uPQQYEXPpBE zP zSY
QKpoY Py EzKzgu XYQyPQOKpuY YHXYuzYB (pPzY zSKz hgoNQY 5.6 XQYEYpzE zSY OKHgOKx
KuSgYJKrxY zSQPNoSXNz ZgzS OPQY ENrEuQgXzgPpE, SYpuY zSY BYJgKzgPp). WE zSY XNrxguK-
zgPp QKzY BYuQYKEYE, SPEzE KQY QYxYKEYB KpB ZY QYzNQp zP zSY gpgzgKx uPpfioNQKzgPp. VSY
YxKEzgugzU XPxguU YpyPQuYOYpz KpB uPQQYEXPpBgpo 246 OgoQKzgPpE BNQgpo zSY YHXYQgOYpz
QYENxz gp zSY xPKB Py zSY SPEzE QYOKgpgpo ZgzSgp Kp YpJYxPXY Py 40% zP 70%, zSY KJYQKoY
rYgpo uxPEY zP zSY 50% zKQoYz. hgpKxxU, ZY PrEYQJY zSKz zSY BYxKUE QYOKgp EOKxx BYEXgzY
OgoQKzgPpE, ZSguS uPpfiQOE zSY KrgxgzU Py zSY c-rRdcpNkaQ KXXQPKuS zP KuSgYJY
YxKEzgu EuKxY PNz KpB EuKxY gp ZgzS OgpgOKx BYoQKBKzgPp Py zSY EYQJguY XYQyPQOKpuY.
VSY gpgzgKx OgoQKzgPp yQPO PpY zP zZP SPEzE gE zSY PpY zSKz gOXKuzE OPEz zSY BYxKU.
IpBYYB, zSY QYxKzgJY KNoOYpzKzgPp Py xPKB XYQ SPEz gE OPQY gOXPQzKpz gp zSgE uKEY
KpB QPNoSxU SKxy Py zSY PXYQKzPQ ExguYE SKJY zP rY OgoQKzYB zP zSY pYZ SPEz, KpB zSY
BYxKUE Kz zSY zSQYY PXYQKzPQE OKU ENO NX gy zSY zSQYY zUXYE KQY OgoQKzYB KE K EKOY
PXYQKzgPp.
tNQ pYHz KpB fipKx YHXYQgOYpz NEYE zSY EKOY XQYEYpzKzgPp KE zSY XQYJgPNE, rNz gpEzYKB
Py NEgpo K EUpzSYzgu XNrxguKzgPp ZPQbxPKB, ZY QYXxKU zSY zQKuY-rKEYB XNrxguKzgPp
KuzgJgzU yQPO zSY hQKpbyNQz EzPub YHuSKpoY BYEuQgrYB gp PNQ gpzQPBNuzgPp KpB gp
hgoNQY 5.1. GYENxzE KQY XQYEYpzYB gp hgoNQY 5.9 ZgzS zSY EKOY yPQOKz KE yPQ hgoNQY 5.8.
VSY XNrxguKzgPp QKzY yQPO zSY EPNQuY PXYQKzPQ gE rKEYB Pp zSY EzPub YHuSKpoY zgubE,
ZSgxY zSY EYz Py 100,000 ENrEuQgXzgPpE gE fiHYB. eY uPpEgBYQ K ESPQzYQ zgOY yQKOY yPQ
zSY YHXYQgOYpz. eY EXYYB NX zSY zgub zQKuY rU 10 zgOYE: PpY SPNQ gp zSY PQgogpKx
zQKuY uPQQYEXPpBE zP 3 OgpNzYE gp zSY YHXYQgOYpz (yPQ K zPzKx BNQKzgPp Py 40 OgpNzYE).
eY KxEP QYBNuY zSY OKHgONO KOPNpz Py XNrxguKzgPpE XYQ EYuPpB zP KuuPNpz yPQ zSY
xgOgzYB EgvY Py PNQ YHXYQgOYpzKzgPp uxNEzYQ: zSY flPZ gE EuKxYB BPZp yQPO 1,200 Pp
hgoNQY 5.1 zP 190 XNrxguKzgPpE XYQ EYuPpB (yPQ K XYKb xPKB Py 19 OgxxgPpE YJKxNKzgPpE
KpB 19,000 pPzgfiuKzgPpE EYpz XYQ EYuPpB, 1,800 EYuPpBE KyzYQ zSY rYogppgpo Py zSY
YHXYQgOYpz). eY PrEYQJY zSKz zSY pNOrYQ Py OKuSgpYE yPQ ENXXPQzgpo zSY ZPQbxPKB
QKpoYE yQPO 1 zP 8. VSY EUEzYO QYKuzE zP uSKpoYE gp xPKB, gp XKQzguNxKQ Kz zSY rYogppgpo
Py BKU KpB yPQ zSY EXgbY PrEYQJYB gp zSY KyzYQpPPp, ZSgxY xPZYQgpo zP 3 pPBYE yPQ
zSY xPZYQ xPKB gp zSY YJYpgpo. eY PrEYQJY KE ZgzS zSY XQYJgPNE YHXYQgOYpz zSKz zSY

82



5.6. omXXizu

xPKB QYOKgpE yPQ Kxx OKuSgpYE ZgzSgp zSY QYjNYEzYB YpJYxPXY. VSY YffYuz Py EuKxY PNz
PXYQKzgPp (Y.o., KQPNpB 500 EYuPpBE) gE zP QYBNuY zSY KJYQKoY KpB OKH xPKB rNz OKU
KxEP rY zP xYz OKuSgpYE NpBYQ-NEYB: zSY ENrEYjNYpz EuKxY-BPZp YHXYQgOYpz uSPPEYE
zSY NpBYQxPKBYB OKuSgpY KE K uKpBgBKzY yPQ QYxYKEY, QKgEgpo zSY OgpgOKx xPKB PrEYQJYB.
VSY KJYQKoY pPzgfiuKzgPp BYxKU QYOKgp rYxPZ PpY EYuPpB yPQ YpzgQY BNQKzgPp Py zSY
YHXYQgOYpz BYEXgzY OgoQKzgPpE. VSgE fipKx zQKuY-rKEYB YHXYQgOYpz uPpJYUE zSY KrgxgzU
Py c-rRdcpNkaQ zP jNgubxU KBKXz zP zSY YHXYQgYpuY xPKB ZSgxY bYYXgpo pPzgfiuKzgPp
BYxKUE EOKxx KpB EzKrxY.

5.6 omXXizu

eY XQYEYpzYB zSY BYEgop, gOXxYOYpzKzgPp KpB YJKxNKzgPp Py Kp YxKEzgu uPpzYpz-rKEYB
XNr/ENr YpogpY, c-rRdcpNkaQ. iNr/ENr OgBBxYZKQY YKEYE zSY uPOXPEgzgPp KpB
gpzYoQKzgPp Py ONxzgXxY KXXxguKzgPpE, EYQJguYE KpB NEYQE KuQPEE BgffYQYpz KBOgpgEzQKzgJY
BPOKgpE. iNr/ENr gE XKQzguNxKQxU ENgzYB KE K uxPNB-XQPJgBYB EYQJguY. VSY xPKB
YHXYQgYpuYB rU ENuS K EYQJguY SYKJgxU BYXYpBE Pp zSY KXXxguKzgPp, zSY fixzYQgpo EuSYOY(E)
NEYB, KpB flNuzNKzgPpE Py zSY EYQJguY XPXNxKQgzU. VSY NpXQYBguzKrgxgzU Py zSY xPKB XPEYE
K uSKxxYpoY yPQ zSY KXXQPXQgKzY BgOYpEgPpgpo Py zSY ENXXPQz gpyQKEzQNuzNQY KpB yPQ
gzE YJPxNzgPp PJYQ zgOY. eY KBBQYEEYB zSgE XQPrxYO rU BYEuQgrgpo OYuSKpgEOE KpB
zYuSpgjNYE yPQ rNgxBgpo Kp YxKEzgu XNr/ENr YpogpY zSKz KNzPOKzguKxxU EuKxYE PNz KpB gp
rKEYB Pp PrEYQJKzgPp Py zSY xPKB YHXYQgYpuYB rU zSY EUEzYO. MxKEzgugzU zKbYE XxKuY yPQ
YKuS Py zSY zSQYY PXYQKzPQE yPQOgpo zSY YpogpY gpBYXYpBYpzxU, KxxPZgpo zP KBKXz zP
zSY pKzNQY Py zSY ZPQbxPKB. MxKEzgu EuKxgpo zKbYE XxKuY zSQPNoS OgoQKzgPpE Py PXYQKzPQ
ExguYE ZgzS OgpgOKx EYQJguY BYoQKBKzgPp. VSY YxKEzgugzU YpyPQuYQ OKzuSYE YxKEzgugzU
XPxgugYE ZSgxY QYBNugpo zSY uPEz KpB pNOrYQ Py pYuYEEKQU OgoQKzgPpE. tNQ YJKxNKzgPp
NEgpo EUpzSYzgu KpB zQKuY-BQgJYp rYpuSOKQbE gpBguKzYE zSKz c-rRdcpNkaQ gE KrxY
zP QYKuz zP BUpKOgu uSKpoYE gp xPKB, KNzPOKzguKxxU KBBgpo KpB QYOPJgpo SPEzE KE
QYjNgQYB rU zSY YxKEzgugzU XPxguU.

83





"GOQ FLPN IPffiSPiPN yLQj QOQ NLIVTLy,

yVI FLPN QOQ NLIVTLy IPffiSPiPN yLQj."

cNugNE WppKYNE RYpYuK, YpTaUkqrh VWmrqha rs AkBTqTkv

6
LHHaQPiMQDG MD SGaQGZ sziCQGE

SXTa BXrpUhm Ta trahs Wj r prphm UXrU gra pmhyTWkaqw pktqTaXhs:

ghHaDQMQGE ODGPmzzZGPu QG BDXiQG-oHZPQfiP BiMi oMzmPMmzZt: L ODGPmz-

zZGM SzCZz TDDF iGC JDzFaDiC jZGZziMDz vDz SGaQGZ sziCQGE. Ip zYSCH

2016: 4UX ZjUhmjrUTWjrq LWjuhmhjBh Wj zhUgWmohs HwaUhva, XKoYE 16–31, AKQQKbYuS,
wgpoBPO Py APQPuuP, WXQgx 2016, RXQgpoYQ.

6.1 UGMzDCmPMQDG

RzPub YHuSKpoYE XQPJgBY yNxxU KNzPOKzYB PQBYQ OKzuSgpo XxKzyPQOE zP zSYgQ uxgYpzE. hPQ
YKuS EYuNQgzU KJKgxKrxY Pp zSY OKQbYz, K EzPub YHuSKpoY rQPbYQ OKgpzKgpE K EzQNuzNQY
uKxxYB Kp Wmshm tWWo, zSKz KooxPOYQKzYE PQBYQE QYuYgJYB yQPO uxgYpzE (EYY hgoNQY 6.1).
tQBYQE uKp rY Py zZP bgpBE. iTs PQBYQE PffYQ zP rNU K ogJYp EYuNQgzU Kz K zKQoYz
(OKHgOKx) XQguY, ZSgxY rao PQBYQE XQPXPEY zP EYxx gz, KxEP Kz K zKQoYz (OgpgOKx) XQguY.
W vrUBXTjR hjRTjh gE gp uSKQoY Py uPOXKQgpo gpuPOgpo rgB KpB KEb PQBYQE, zQgooYQgpo
zQKBY PXYQKzgPpE ZSYp K OKzuS YHgEzE.
egzS zSY KBJYpz Py SgoS-yQYjNYpuU zQKBgpo, uxgYpzE YHXYuz JYQU xPZ xKzYpugYE yQPO PQBYQ
OKzuSgpo XxKzyPQOE. VSY PffYQYB xKzYpuU gE KuzNKxxU K bYU uPOOYQugKx KQoNOYpz yPQ
EzPub YHuSKpoY EYQJguYE [40]. qQPbYQE KpB zQKBYQE YHXYuz zSY xKzYpugYE zP rY gp zSY PQBYQ
Py K yYZ OgxxgEYuPpBE. VSgE OYKpE zSKz zSY EzPub YHuSKpoY OKzuSgpo EYQJguY pYYBE zP
SKJY gpzYQpKx xKzYpugYE zSKz KQY Kz xYKEz PpY PQBYQ Py OKopgzNBY xPZYQ. VP KuSgYJY ENuS
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OWiHMZz 6. LHHaQPiMQDG MD SGaQGZ sziCQGE

Price Volume Time
266.30
266.20
266.10
266.00
265.90
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Time Last Volume Change
17:16:35 265.40 100 2.6 (0.99%)

Spread
0.038%

Estimated opening
—

Closing auction period

ROCHE GS (ROG)

hgoNQY 6.1 – Wp PQBYQ rPPb, KE EYYp Pp QYKx zQKBgpo XxKzyPQO.

xPZ xKzYpugYE, BYEgopYQE Py rQPbYQE EzKQzYB NEgpo pYZ uPOONpguKzgPp OYuSKpgEOE [1]
zP oKgp KBJKpzKoYE Py K yYZ OgxxgEYuPpBE zP YJYp OguQPEYuPpBE, EPOYzgOYE QYEPQzgpo zP
BYBguKzYB SKQBZKQY KpB uNEzPO KxoPQgzSOE QNppgpo Pp hifWE [77].
IpEzYKB Py uPpuYpzQKzgpo Pp uPOONpguKzgPp OYuSKpgEOE, ZY yPuNE gp zSgE uSKXzYQ
Pp zSY YffYuzgJYpYEE Py zSY OKzuSgpo YpogpY gp PQBYQ zP OgpgOgvY EYQJguY xKzYpuU KpB
OKHgOgvY zSQPNoSXNz. VSY OKzuSgpo YpogpY gOXQPJYOYpzE KQY xKQoYxU gpBYXYpBYpz
yQPO zSPEY Py uPOONpguKzgPp OYuSKpgEOE: KE Kp gpuPOgpo PQBYQ ONEz rY XQPuYEEYB rU
zSY OKzuSgpo YpogpY rYyPQY K QYEXPpEY uKp rY EYpz zP zSY uxgYpzE, K QYBNuYB OKzuSgpo
zgOY Zgxx gOXQPJY YpB-zP-YpB xKzYpuU. RzKzY-Py-zSY KQz OKzuSgpo YpogpYE zSNE yKQ ZPQb
EYjNYpzgKxxU [93], ZSguS OYKpE zSKz, BYEXgzY zSY EUEzYO uKXKugzU zP QYuYgJY ONxzgXxY
PQBYQE uPpuNQQYpzxU, zSY XQPuYEEgpo Py PQBYQE gE SKpBxYB PpY KyzYQ zSY PzSYQ. VSYQY
gE K oQYKz XPzYpzgKx yPQ PrzKgpgpo XYQyPQOKpuY oKgpE yPQ zSY OKzuSgpo PXYQKzgPp, rU
zKbgpo KBJKpzKoY Py zSY XKQKxxYx XQPuYEEgpo uKXKrgxgzgYE Py OPBYQp ONxzg-uPQY DimE.
eY gpJYEzgoKzY gp zSgE uSKXzYQ zSY ENXXPQz Py uPpuNQQYpz PQBYQ XQPuYEEgpo, KpB YHXxPQY
BgffYQYpz BYEgop EzQKzYogYE zP gpzQPBNuY XKQKxxYxgEO gp zSY pPp-zQgJgKx BKzK EzQNuzNQY
zSKz gE zSY PQBYQ rPPb, EzKQzgpo yQPO rKEgu xPub-rKEYB zYuSpgjNYE zP OPQY EPXSgEzguKzYB
XKQzgKxxU xPub-yQYY KxoPQgzSOE. VSY XQgOKQU PrnYuzgJY Py zSgE EzNBU gE zP BYOPpEzQKzY
SPZ PpY uKp zNQp K EYjNYpzgKx BKzK EzQNuzNQY gpzP K uPpuNQQYpz PpY rU uKQYyNxxU
uPOrgpgpo BgffYQYpz EUpuSQPpgvKzgPp OYuSKpgEOE KpB QYKEPpgpo KrPNz uPpuNQQYpuU
NpBYQ BPOKgp-EXYugfiu uPpEzQKgpzE.
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tQBYQ OKzuSgpo SKE gpzYQYEzgpo uSKQKuzYQgEzguE KE gz YHSgrgzE EPOY uxYKQ XPzYpzgKx yPQ
XKQKxxYxgEO: zSYQY KQY ONxzgXxY uxgYpzE KpB zZP zUXYE Py PQBYQE, KpB OKzuSgpo zKbYE
XxKuY PpxU Kz zSY yQPpzgYQ rYzZYYp zSY zZP. Wz zSY EKOY zgOY, gz gE pPz zQgJgKx KpB
XQYEYpzE K pNOrYQ Py uSKxxYpoYE zSKz ONEz rY uKQYyNxxU KBBQYEEYB. hgQEz, ZY pYYB zP
YpENQY zSKz zSY PNzXNz Py zSY OKzuSgpo XQPuYEE gp zSY uPpuNQQYpz uKEY gE zSY EKOY KE
gp zSY EYjNYpzgKx uKEY, pPzKrxU ZSYp gz uPOYE zP XQPuYEEgpo PQBYQE YHKuzxU PpuY KpB
KuuPQBgpo zP KQQgJKx QKpb, 1 rYuKNEY uxgYpzE KQY XKUgpo uNEzPOYQE KpB QYKx OPpYU gE
rYgpo zQKBYB. RYuPpB, KE zSY EUEzYO SKpBxYE K JKQgYzU Py OYEEKoYE zUXYE (KBB/QYOPJY,
EYxx/rNU), gz gE pPz uxYKQ SPZ zP EKyYxU uKXzNQY Kxx OYEEKoY gpzYQKuzgPpE gp zSY uPpuNQQYpz
uKEY. cKEzxU, zP yNxfix Kp PQBYQ, zSY OKzuSgpo YpogpY uKp XPzYpzgKxxU KuuYEE OPQY zSKp
PpY YHgEzgpo PQBYQ KxQYKBU EzPQYB gp zSY rPPb. Ip zSY uPpuNQQYpz uKEY zSgE OgoSz
xYKB zP EYJYQKx OKzuSgpo PXYQKzgPpE EgONxzKpYPNExU KuuYEEgpo zSY EKOY ESKQYB EzKzY,
KpB EXYugKx uKQY pYYBE zP rY zKbYp zP KJPgB XPEEgrxY BKzK uPQQNXzgPp KEEPugKzYB ZgzS
uPpuNQQYpuU SKvKQBE. WE ENuS, zSY gOXxYOYpzKzgPp pYYB zP rY uKQYyNxxU BYEgopYB
EP zSKz zSY EUpuSQPpgvKzgPp uPEzE KpB KxoPQgzSOgu uPOXxYHgzU BP pPz PNzZYgoS zSY
rYpYfizE KEEPugKzYB ZgzS uPpuNQQYpz XQPuYEEgpo.
VSY fiQEz uPpzQgrNzgPp Py zSgE ZPQb gE zSY XQPXPEKx KpB zSY YJKxNKzgPp Py BPOKgp-
EXYugfiu EzQKzYogYE yPQ XQPuYEEgpo PQBYQE uPpuNQQYpzxU gp zSY PQBYQ rPPb. RXYugfiuKxxU,
zSY uPpuNQQYpz EzQKzYogYE ZY YHXxPQY gpuxNBY: (1) K rKEYxgpY zSQYKB-EKyY BYEgop rKEYB Pp
K EgpoxY oxPrKx xPub; (2) K fipY-oQKgpYB BYEgop yPQ xPubgpo XKQzE Py zSY PQBYQ rPPb; KpB
(3) EYJYQKx JKQgKpzE Py XKQzgKxxU xPub-yQYY BYEgopE, ZSguS zQKBY QNpzgOY XYQyPQOKpuY
yPQ ZYKbYQ uPpEgEzYpuU oNKQKpzYYE. VSY EYuPpB uPpzQgrNzgPp Py zSgE ZPQb gE zSY
gOXxYOYpzKzgPp Py K EUpzSYzgu ZPQbxPKB oYpYQKzPQ zSKz uPOXxgYE ZgzS ZgBYxU-KuuYXzYB
OPBYxE [86, 87]. eY yNQzSYQ NEY zSgE ZPQbxPKB oYpYQKzPQ zP KEEYEE zSY YffYuzgJYpYEE Py
PNQ uPpuNQQYpz OKzuSgpo KxoPQgzSOE.

6.2 SGaQGZ sziCQGE iGC MWZ SzCZz TDDF

eY fiQEz BYEuQgrY zSY XQgpugXxY KpB oNKQKpzYYE yPQ zQKBgpo PXYQKzgPpE. eY EzKQz rU
BYfipgpo EPOY BPOKgp-EXYugfiu zYQOE. Wp DzCZz gE Kp gpJYEzPQ’E gpEzQNuzgPp zP K rQPbYQ
zP rNU (tTs) PQ EYxx (rao) EYuNQgzgYE. VSYQY KQY zZP zUXYE Py PQBYQE: qTvTU KpB vrmohU

1 Sp aipkG MpJJkxAW LpINlJkpI Qkev evW QpwG “pwGWw” lJWG ep GWJksIaeW ewaGkIs wWdlWJeJ aIG Npw
MwkpwkekUkIs pMWwaekpIJ (awwkiaA aIG MwpLWJJkIs pwGWw), QW QkAA pIAj lJW ke kI evW NpwVWw JWIJW aIG
wWJpwe ep aAeWwIaekiW WmMwWJJkpIJ Npw evW AaeeWw.
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hgoNQY 6.2 – IpzYQpKx EzQNuzNQY Py zSY PQBYQ rPPb.

PQBYQE. W aQXQM DzCZz EXYugfiYE K OKHgONO XNQuSKEY XQguY PQ OgpgONO EYxxgpo XQguY.
W XizFZM DzCZz BPYE pPz EXYugyU K XQguY KpB Zgxx rY gOOYBgKzYxU OKzuSYB ZgzS
PNzEzKpBgpo PQBYQE, Kz zSY rYEz KJKgxKrxY XQguY yPQ zSgE EYuNQgzU. VSY KDamXZ gpBguKzYE
zSY KOPNpz Py EYuNQgzgYE gp Kp PQBYQ KE Kp gpzYoYQ JKxNY. VSY DzCZz IDDF gE K BKzK
EzQNuzNQY yPQ EzPQgpo NpyNxfixxYB xgOgz PQBYQE EYpz yPQ K XKQzguNxKQ EYuNQgzU. Iz yYKzNQYE
zZP jNYNYE, PpY yPQ itFt KpB PpY yPQ IQCt PQBYQE. tQBYQE EzPQYB gp zSY rPPb uKp rY
uKpuYxxYB ZgzS K EXYugfiu uPOOKpB. hgpKxxU, zSY MDH Dv MWZ IDDF uPpEgEzE Py zSY KEb
ZgzS zSY xPZYEz XQguY KpB zSY rgB ZgzS zSY SgoSYEz XQguY, KpB zSY BgffYQYpuY rYzZYYp
zSYEY zZP XQguYE gE zSY tHzZiC.
Wp PQBYQ rPPb OKgpzKgpE zZP EYXKQKzY jNYNYE, PpY yPQ tTs PQBYQE, KpB PpY yPQ rao
PQBYQE. qPzS BKzK EzQNuzNQYE KQY PQoKpgvYB gp K ZKU zSKz yKugxgzKzYE zSY yKEz YHzQKuzgPp
Py zSY rYEz PQBYQ KE ZYxx KE zSY jNgub gpEYQzgPp Py pYZ PQBYQE. Ip YKuS Py zSY jNYNYE,
PQBYQE ZgzS zSY EKOY XQguY KQY KooQYoKzYB, g.Y., jNYNYE KQY PQoKpgvYB KE OKXE, ZSYQY
bYUE QYXQYEYpz XQguYE (ZgzS K oQKpNxKQgzU oPgpo NX zP zSY uYpz) KpB JKxNYE KQY XYpBgpo
xgOgz PQBYQE yPQ K XKQzguNxKQ XQguY. iYpBgpo PQBYQE yPQ K XKQzguNxKQ XQguY KQY EPQzYB
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KuuPQBgpo zP KQQgJKx QKpb KpB, zSNE, NXPp KQQgJKx KQY EzPQYB gp K fiQEz-gp fiQEz-PNz
(hIht) jNYNY (hgoNQY 6.2).
AKzuSgpo PuuNQE PpxU BNQgpo PQBYQ XQPuYEEgpo, ZSYp Kp gpuPOgpo KEb PQBYQ EKzgEfiYE
EPOY rgB(E) PQ, JguY JYQEK, Kp gpuPOgpo rgB uKp rY EKzgEfiYB rU EPOY KEb(E). eSYp K
OKzuS PuuNQE, zSY KEEPugKzYB YHgEzgpo PQBYQE KQY QYOPJYB yQPO zSY rPPb. VSY XQgPQgzU
Py OKzuSgpo gE BQgJYp rU XQguY, g.Y., xPZYEz EYxxgpo XQguYE (QYEX., SgoSYEz) KQY EPxB
(rPNoSz) fiQEz. Iy ONxzgXxY PQBYQE SKJY zSY EKOY XQguY, zSYU KQY OKzuSYB KuuPQBgpo zP
KQQgJKx zgOY EzKQzgpo ZgzS zSY PxBYEz. Iy zSYQY KQY pP XYpBgpo PQBYQ zP XQPuYEE, zSY
EUEzYO gE gp K aUrtqh EzKzY ZSYQY zSY EXQYKB gE XPEgzgJY KpB zSY zZP zUXYE Py PQBYQE BP
pPz PJYQxKX.
VP yNxfix Kp PQBYQ, zSY OKzuSgpo YpogpY uKp “uPpENOY” OPQY zSKp PpY PQBYQ Pp zSY
PzSYQ EgBY Py zSY rPPb. VSgE SKXXYpE ZSYp Kp gpuPOgpo PQBYQ OKzuSYE zSY rYEz PQBYQ
Pp zSY PXXPEgzY EgBY Py zSY PQBYQ rPPb, rNz gz gE pPz uPOXxYzYxU yNxfixxYB KpB uPpzgpNYE
zP OKzuS zSY pYHz rYEz PQBYQ. VSgE KooQYoKzgPp XQPuYEE EzPXE PpuY zSY gpuPOgpo PQBYQ
SKE rYYp fixxYB uPOXxYzYxU, PQ ZSYp zSYQY KQY pP OPQY PQBYQE zSKz uKp rY uPpENOYB
ogJYp zSY XQguY KpB JPxNOY uPpEzQKgpzE. VSY QYOKgpgpo XKQz Py zSY gpuPOgpo PQBYQ
gE zSYp KBBYB zP zSY PQBYQ rPPb. RgOgxKQxU, ZSYp zSY KxQYKBU YHgEzgpo PQBYQ gp zSY
PQBYQ rPPb uKppPz rY yNxxU OKzuSYB ZgzS zSY gpuPOgpo PQBYQ, zSY XKQzgKxxU-OKzuSYB
PQBYQ QYOKgpE gp zSY rPPb ZgzS gzE JPxNOY BYuQYKEYB rU zSY JPxNOY ENrENOYB rU zSY
zQKpEKuzgPpE.
VSY XEYNBP-uPBY yPQ zSY rKEYxgpY EYjNYpzgKx OKzuSgpo KxoPQgzSO gE ESPZp gp WxoP-
QgzSOE 1 KpB 2. RYxx KpB rNU PQBYQE KQY EzPQYB gz zZP EYXKQKzY Xhrpa, YKuS SPxBgpo
hIht jNYNYE ZgzS PQBYQE Py gBYpzguKx XQguY EPQzYB KuuPQBgpo zP zSYgQ KQQgJKx zgOY.
CNYNYE KQY EPQzYB rU gpuQYKEgpo XQguY gp zSY KEbE SYKX, KpB rU BYuQYKEgpo XQguY gp
zSY rgBE SYKX. VSY KxoPQgzSO OKzuSYE gpuPOgpo PQBYQE KoKgpEz YHgEzgpo PpYE yQPO zSY
PXXPEgzY SYKX, XPEEgrxU KBBgpo zSYO zP zSY rPPb gy zSYU KQY pPz uPOXxYzYxU yNxfixxYB.
VP bYYX zSY XEYNBP-uPBY KE EgOXxY KE XPEEgrxY, ZY KEENOY zSKz zSY SYKX Kz PzSYQ EgBY
Py zSY rPPb gE pPz YOXzU ZSYp gpEYQzgpo Kp PQBYQ KpB ZY BP pPz YHXxgugzxU SKpBxY zSY
uQYKzgPp KpB QYOPJKx Py zSY jNYNYE gp zSY SYKXE. VSgE uPBY gE NEYB KE K rKEgE yPQ zSY
uPpuNQQYpz JKQgKpzE XQYEYpzYB gp RYuzgPp 6.3.
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LaEDzQMWX 1 — TYxXYQ yNpuzgPpE.
1: doEH SdHcd gF:
2: bvSj: {twPwmud, PAaQum} . RkVkeWG pw VawYWe MwkLW?
3: nSjxBbgnm: {UFz, Tutt} . Clj pw JWAA?
4: undiej: kIeWsWw . KpQ VaIj JWLlwkekWJ?
5: Sxgpj: flpae . ce Qvae MwkLW?

. . .
6: gD: kIeWsWw . SkVWJeaVM (Npw LpILlwwWIe aAspwkevVJ)
7: AbBbiA: {wdtu, PAmqSwjE, auPHgud} . XeaelJ (Npw LpILlwwWIe aAspwkevVJ)

8: doEH QSSK gF:
9: BAhA: vWaM pN EBEP dlWlWJ (pwGWwJ pN JaVW MwkLW) . XpweWG xj kILwWaJkIs MwkLW
10: lgDA: vWaM pN EBEP dlWlWJ (pwGWwJ pN JaVW MwkLW) . XpweWG xj GWLwWaJkIs MwkLW

. . .

11: sOyXrgty TpO_NpRTx(mnDj, nxDjx) . haI kILpVkIs pwGWw VaeLv IpGW kI xppY?
12: gs nxDjx.nSjxBbgnm = mnDj.nSjxBbgnm rpHy . OWWG pwGWw pN pMMpJkeW ejMW
13: vHrOvy sBWFH
14: gs nxDjx.bvSj = PAaQum rpHy . fawYWe pwGWwJ aAQajJ VaeLv
15: vHrOvy rvOH
16: gs nxDjx.nSjxBbgnm = Tutt rpHy
17: vHrOvy nxDjx.Sxgpj ≤ mnDj.Sxgpj

18: HWFH
19: vHrOvy nxDjx.Sxgpj ≥ mnDj.Sxgpj

6.3 L ODGPmzzZGM SzCZz TDDF

eY pPZ BYEuQgrY BgffYQYpz EzQKzYogYE yPQ ENXXPQzgpo uPpuNQQYpuU gp zSY PQBYQ rPPb.
VSgE BKzK EzQNuzNQY gE gpzYQYEzgpo rYuKNEY gz gE pPp-zQgJgKx KpB zSY OKzuSgpo PXYQKzgPp
OKU rY zgOY-uPpENOgpo (Y.o., ZSYp Kp gpuPOgpo PQBYQ OKzuSYE KpB “uPpENOYE” OKpU
YHgEzgpo PQBYQE yQPO zSY rPPb). TYpuY, zKbgpo KBJKpzKoY Py zSY XKQKxxYx XQPuYEEgpo
uKXKrgxgzgYE Py QYuYpz ONxzg-uPQY KQuSgzYuzNQYE gE PrJgPNExU BYEgQKrxY.

LaEDzQMWX 2 — RYjNYpzgKx PQBYQ gpEYQzgPp (EgpoxY-zSQYKBYB).
1: sOyXrgty xpOHLc_SdHcd_fcb(nxDjx)
2: Ajdd← (nxDjx.nSjxBbgnm = Tutt)
3: TpgWH nxDjx.undiej > 0 Dt
4: M ← RSX(Ajdd ? lnnh.lgDA : lnnh.BAhA) . OpI-WVMej epM dlWlW pI pevWw JkGW
5: m← ohdfR(M) . SpM pwGWw kI evW dlWlW
6: gs ¬TpO_NpRTx(m, nxDjx) rpHy
7: M ← ncR(Ajdd ? lnnh.BAhA : lnnh.lgDA, nxDjx.Sxgpj) . HlWlW ae MwkLW
8: Xafx(M, nxDjx) . XepwW pwGWw kI xppY (aMMWIG ep dlWlW)
9: fvHBL
10: gs m.undiej > nxDjx.undiej rpHy
11: m.undiej← m.undiej− nxDjx.undiej
12: fvHBL
13: nxDjx.undiej← nxDjx.undiej− m.undiej
14: XSX(M) . yWVpiW epM pwGWw NwpV pevWw vWaM
15: vHrOvy TFqquTT
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Iz gE, SPZYJYQ, pPz YKEU zP XYQyPQO uPpuNQQYpz PXYQKzgPpE Pp zSY PQBYQ rPPb ZSgxY Kz zSY
EKOY zgOY XQYEYQJgpo uPpEgEzYpuU. RPOY EUpuSQPpgvKzgPp gE pYuYEEKQU yPQ uPQQYuzpYEE,
rNz zPP ONuS EUpuSQPpgvKzgPp OKU SKOXYQ XYQyPQOKpuY. eY Zgxx EzKQz rU BgEuNEEgpo
EgOXxY EUpuSQPpgvKzgPp zYuSpgjNYE KpB oQKBNKxxU OPJY zP OPQY EPXSgEzguKzYB EzQKzYogYE
zSKz KuSgYJY SgoSYQ xYJYxE Py uPpuNQQYpuU.
Ip Kxx uPpuNQQYpz KXXQPKuSYE BgEuNEEYB rYxPZ, QYjNYEzE zP zSY PQBYQ rPPb KQY SKpBxYB
KpB XQPuYEEYB rU K XPPx Py zSQYKBE. WE ZY ZPNxB xgbY zSY PQBYQ rPPb zP UgYxB zSY
EKOY PNzXNz gp K uPpuNQQYpz YHYuNzgPp KE ZSYp XQPuYEEgpo PXYQKzgPpE PpY Kz K zgOY,
ZY pYYB zP XQPuYEE QYjNYEzE gp zSY EKOY EYjNYpuY KE zSYU SKJY rYYp QYuYgJYB. eY
zSYQYyPQY gpEYQz gpuPOgpo QYjNYEzE gp K hIht jNYNY 2 KpB KEEgop zP YKuS QYjNYEz
K NpgjNY, OPpPzPpPNExU gpuQYKEgpo zgOYEzKOX zSKz ZY NEY zP EPQz PXYQKzgPpE (EYY
WxoPQgzSO 3, xgpYE 1–8). eY Zgxx BgEuNEE xKzYQ EuYpKQgPE ZSYQY ZY uKp XQPuYEE EPOY
QYjNYEzE gp K BgffYQYpz EYjNYpuY ZSgxY Ezgxx XQYEYQJgpo zSY xgpYKQgvKrgxgzU Py zSY PQBYQ
rPPb PXYQKzgPpE.
qYyPQY BgEuNEEgpo PNQ EzQKzYogYE yPQ SKpBxgpo uPpuNQQYpz PXYQKzgPpE, xYz NE fiQEz uPpEgBYQ
EPOY PrEYQJKzgPpE KrPNz zSY EXYugfiu XQPXYQzgYE Py zSY PQBYQ rPPb. hgQEz, OKzuSgpo
KxZKUE PuuNQ Kz zSY zPX Py zSY rPPb. VSYQYyPQY, zSY OKzuSgpo PXYQKzgPp SKE gpzYQYEzgpo
xPuKxgzU XQPXYQzgYE, KpB gz Zgxx pPz uPpflguz, yPQ gpEzKpuY, ZgzS PXYQKzgPpE zSKz KQY “yKQ
YpPNoS” yQPO zSY zPX Py zSY rPPb. RYuPpB, Kp PQBYQ zSKz gE OKzuSYB NXPp gpEYQzgPp
PpxU pYYBE zP rY gpEYQzYB gp zSY rPPb gy gz gE pPz yNxxU OKzuSYB. eY uKp zSNE gBYpzgyU
zZP gpzYQYEzgpo uPOOPp uKEYE: (1) Kp PQBYQ gE pPz gpEYQzYB Kz zSY zPX Py zSY rPPb KpB
SYpuY pP OKzuSgpo PuuNQE, KpB (2) Kp PQBYQ gpEYQzYB Kz zSY zPX Py zSY rPPb gE yNxxU
ENrENOYB rU YHgEzgpo PQBYQE KpB zSYQYyPQY BPYE pPz pYYB zP rY gpEYQzYB gp zSY rPPb.
hgpKxxU, zSYQY KQY EYJYQKx EuYpKQgPE ZSYQY ZY uKp EzQKgoSzyPQZKQBxU BYzYQOgpY zSKz
zZP uPpuNQQYpz xgOgz PQBYQE BP pPz uPpflguz. hPQ gpEzKpuY, gpEYQzgPpE Py Kp KEb KpB K
rgB uKp zKbY XxKuY uPpuNQQYpzxU gy zSYQY gE pP XQguY PJYQxKX rYzZYYp zSYO, g.Y., zSY
KEb SKE K SgoSYQ XQguY zSKp zSY EYxx, KE zSYU uKppPz rPzS UgYxB K OKzuS. WE KpPzSYQ
YHKOXxY, gpEYQzgPpE Py zZP xgOgz KEbE PQ zZP xgOgz rgBE uKp zKbY XxKuY uPpuNQQYpzxU
gy zSYU SKJY BgffYQYpz XQguYE (g.Y., zSYU KQY gp BgffYQYpz jNYNYE) KpB zSYU BP pPz rPzS
UgYxB K OKzuS. VSYEY PrEYQJKzgPpE Zgxx rY gpEzQNOYpzKx yPQ zSY BYEgop Py KBJKpuYB
uPpuNQQYpuU EzQKzYogYE.

2 bW aJJlVW evae evkJ dlWlW kJ evwWaG-JaNW aJ MwpLWJJkIs evwWaGJ Vaj GWdlWlW pwGWwJ LpILlwwWIeAj
Qkev pIW aIpevWw aIG Qkev evW (lIkdlW) evwWaG evae WIdlWlWJ kILpVkIs pwGWwJ.
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6.3.1 ODiztZ-jziQGZC dDPFQGE

LaEDzQMWX 3 — DPKQEY-oQKgpYB xPubgpo KpB uPOOPp yNpuzgPpE.
1: RBvgBfWHF:
2: gmpnegmP: EBEP dlWlW (pwGWwJ) . SvwWaG-JaNW dlWlW Npw kILpVkIs pwGWwJ
3: bA: kIeWsWw . SkVWJeaVM Npw kILpVkIs pwGWwJ (kIkekaAAj 0)
4: APd: ApLY . XkIsAW sApxaA ApLY (kIkekaAAj lIApLYWG)

. . .

5: OEty dcTchtc(nxDjx): . yWLWMekpI pN aI pwGWw NwpV a LAkWIe (JkIsAW evwWaG)
6: nxDjx.gD← bA . cJJksI lIkdlW ekVWJeaVM
7: Xafx(gmpnegmP, nxDjx) . cMMWIG pwGWw ep dlWlW
8: bA← bA + 1

9: sOyXrgty RxdcpH_XdSTcfffnL . ZwpLWJJkIs pN aI pwGWw xj a evwWaG
10: nxDjx ← XSX(gmpnegmP) . SaYW IWme pwGWw NwpV dlWlW
11: LSTK(APd) . XWwkaAkUW MwpLWJJkIs
12: x ← xpOHLc_SdHcd_fcb(nxDjx) . tJW JWdlWIekaA aAspwkevV
13: aOLSTK(APd)
14: vHrOvy x

eY fiQEz uPpEgBYQ zSY zQgJgKx KXXQPKuS Py NEgpo K EgpoxY xPub (Rfc) zP EYQgKxgvY KuuYEEYE
zP zSY ESKQYB BKzK EzQNuzNQY. VP EgOXxgyU zSY XQYEYpzKzgPp Py uPpuNQQYpz KxoPQgzSOE, ZY
KEENOY zSKz zSQYKBE yQPO zSY XPPx QYXYKzYBxU YHYuNzY zSY yNpuzgPp RxdcpH_XdSTcff

zP XQPuYEE PpY PQBYQ yQPO zSY gpuPOgpo jNYNY, KpB zSY QYENxz Py zSgE yNpuzgPp gE zSYp
QYzNQpYB zP zSY uPQQYEXPpBgpo uxgYpz. VSY rKEgu PXYQKzgpo XQgpugXxY Py zSY uPKQEY-
oQKgpYB KXXQPKuS gE ESPZp gp WxoPQgzSO 3, xgpYE 9–14. VSQYKBE yQPO zSY XPPx KujNgQY
zSY OKgp xPub, XQPuYEE zSY pYHz PQBYQ yQPO zSY jNYNY, KpB QYxYKEY zSY xPub rYyPQY
zSY QYEXPpEY gE EYpz rKub zP zSY uxgYpz. TYpuY, zSY XQPuYEEgpo Py PQBYQE gE uPOXxYzYxU
EYQgKxgvYB KpB pP XKQKxxYxgEO zKbYE XxKuY yPQ zSgE PXYQKzgPp. VSY OKgp KBJKpzKoY Py
zSgE KXXQPKuS gE gzE EgOXxgugzU, ZSguS KxEP OKbYE zSY KxoPQgzSO YKEU zP XQPJY uPQQYuz.
Iz Zgxx EYQJY KE K rKEYxgpY yPQ zSY QYEz Py zSY uSKXzYQ.

6.3.2 slD-dZKZa YQGZ-jziQGZC dDPFQGE

eY pPZ YHXxPQY PXXPQzNpgzgYE yPQ fipYQ-oQKgpYB xPubgpo zP gpuQYKEY zSY xYJYx Py uPpuNQ-
QYpuU. eY EzKQz yQPO zSY PrEYQJKzgPp zSKz zZP zSQYKBE KuuYEEgpo xgOgz PQBYQE yQPO
zSY rPPb ZgzS BgffYQYpz XQguYE, g.Y., xPuKzYB gp BgffYQYpz jNYNYE gp zSY SYKXE, uKp BP EP
uPpuNQQYpzxU ZgzSPNz uPpflguzE. VSYQYyPQY, gz gE PpxU pYuYEEKQU zP uPpzQPx KuuYEE zP zSY
jNYNYE zSKz KQY KuuYEEYB rU rPzS zSQYKBE.
VSY XQgpugXxY Py zSY zZP-xYJYx xPubgpo EzQKzYoU gE ESPZp gp WxoPQgzSO 4. WE rYyPQY,
zSQYKBE fiQEz KzzYOXz zP KujNgQY zSY OKgp xPub (xgpY 3). tpuY K ogJYp zSQYKB KujNgQYE
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LaEDzQMWX 4 — hgpY-oQKgpYB xPubgpo.
1: sOyXrgty RxdcpH_XdSTcffonL . ZwpLWJJkIs pN aI pwGWw xj a evwWaG
2: nxDjx ← XSX(gmpnegmP) . SaYW IWme pwGWw NwpV dlWlW
3: LSTK(APd) . XWwkaAkUW ewaiWwJaA pN vWaM
4: Ajdd← (nxDjx.nSjxBbgnm = Tutt)
5: u ← nxDjx.undiej
6: M ← RSX(Ajdd ? lnnh.lgDA : lnnh.BAhA) . SpM dlWlW ae pevWw JkGW
7: TpgWH u > 0 Dt
8: gs ¬TpO_NpRTx(ohdfR(M), nxDjx) rpHy
9: fvHBL
10: LSTK(M) . cLdlkwW ApLY pI dlWlW
11: u ← u − tSLaNc(M) . XlxewaLe ipAlVW pN aAA pwGWwJ kI dlWlW
12: M ← OcER(M) . OWme dlWlW NwpV vWaM
13: gs (u > 0) rpHy
14: M ← ncR(Ajdd ? lnnh.BAhA : lnnh.lgDA, nxDjx.Sxgpj) . HlWlW ae MwkLW
15: LSTK(M) . cLdlkwW ApLY pI dlWlW
16: aOLSTK(APd)
17: x ← xpOHLc_SdHcd_fcbonL(nxDjx) . tJW JWdlWIekaA aAspwkevV
18: vHrOvy x

sOyXrgty xpOHLc_SdHcd_fcbonL ≡ xpOHLc_SdHcd_fcbfnL . cAspwkevV 2
. . . aOLSTK(M) . . . . cAA ApLYJ wWAWaJWG pILW Ip ApIsWw IWWGWG (xWNpwW AkIW 15)

zSY OKgp xPub, gz zQKJYQEYE zSY jNYNYE gp zSY PXXPEgzY SYKX Py zSY rPPb gp EYjNYpuY,
EzKQzgpo yQPO zSY zPX, KpB xPubE YKuS JgEgzYB jNYNY gpBgJgBNKxxU (xgpYE 7–12). VSgE
XQPuYEE EzPXE KE EPPp KE zSY KuuNONxKzYB JPxNOY Py PQBYQE gp KxQYKBU zQKJYQEYB jNYNYE
QYKuSYE zSY JPxNOY Py zSY gpuPOgpo PQBYQ. Ip uKEY Py K xgOgz rNU PQ KEb PQBYQ, zSY
XQPuYEE KxEP EzPXE ZSYpYJYQ JgEgzgpo K jNYNY Kz K XQguY zSKz gE SgoSYQ, QYEXYuzgJYxU
xPZYQ, zSKp zSY XQguY Py zSY gpuPOgpo PQBYQ. hgpKxxU, gy zSY gpuPOgpo PQBYQ SKE pPz rYYp
yNxxU OKzuSYB, gz pYYBE zP rY gpEYQzYB gp zSY rPPb KpB ZY KxEP xPub zSY jNYNY KEEPugKzYB
ZgzS zSY XQguY Py zSY gpuPOgpo PQBYQ (xgpYE 13–15). VSY KxoPQgzSO zSYp QYxYKEYE zSY
OKgp xPub (xgpY 16). Iz uKp pPZ EKyYxU XYQyPQO zSY KuzNKx OKzuSgpo PXYQKzgPpE Pp zSY
XQYJgPNExU xPubYB jNYNYE, gpuxNBgpo zSY PXzgPpKx gpEYQzgPp Py zSY gpuPOgpo PQBYQ gp
zSY rPPb gy EPOY NpOKzuSYB JPxNOY QYOKgpE, KpB QYxYKEY zSY gpBgJgBNKx xPubE KE EPPp
KE zSYU KQY pP xPpoYQ pYYBYB. VP zSKz YpB, ZY EgOXxU QYNEY zSY EYjNYpzgKx KxoPQgzSOE
ZgzS zSY KBBgzgPp Py xPub QYxYKEY, ZSguS SKXXYp QgoSz rYyPQY xgpY 15 gp WxoPQgzSO 2 PQ
ZSYpYJYQ K jNYNY rYuPOYE YOXzU. 3

VSgE KXXQPKuS XQPJgBYE SgoSYQ uPpuNQQYpuU zSKp uPKQEY-oQKgpYB xPubgpo rYuKNEY zSY
KxoPQgzSO SPxBE zSY OKgp xPub yPQ K ESPQzYQ BNQKzgPp, ZSYp BYzYQOgpgpo ZSguS jNYNYE
yQPO zSY rPPb Zgxx rY KuuYEEYB. VP YpENQY uPpEgEzYpuU, gz NEYE K EYuPpB xYJYx Py xPubE

3 XpVW kVMAWVWIeaekpI GWeakAJ, JlLv aJ aipkGkIs a JWLpIG ewaiWwJaA pN evW vWaM xj YWWMkIs ewaLY pN
ApLYWG dlWlWJ, awW pVkeeWG Npw JkVMAkLkej.
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yPQ uPpuNQQYpuU uPpzQPx Kz zSY xYJYx Py gpBgJgBNKx jNYNYE. VSYQYyPQY, ONxzgXxY PQBYQE
uKp YHYuNzY uPpuNQQYpzxU gy zSYU PXYQKzY gp BgffYQYpz XKQzE Py zSY PQBYQ rPPb, rNz zSYU
KQY EYQgKxgvYB gy zSY EYzE Py jNYNYE zSYU KuuYEE PJYQxKX.

6.3.3 sDlizC dDPF-YzZZ LaEDzQMWXt

VSY fipKx EzKoY gp PNQ jNYEz yPQ uPpuNQQYpuU gE zP zQU zP QYBNuY zSY BYXYpBYpugYE Pp
xPubE, ZSYzSYQ uPKQEY- PQ fipY-oQKgpYB, KE zSYU gpzQPBNuY EYQgKx rPzzxYpYub KpB OKU
SKOXYQ XQPoQYEE. Ip XKQzguNxKQ, K zSQYKB zSKz gE ExPZ, yKNxzU, PQ XQYYOXzYB rU zSY tR
EuSYBNxYQ ZSgxY SPxBgpo K xPub OKU XQYJYpz PzSYQ zSQYKBE yQPO OPJgpo yPQZKQB.
tNQ PrnYuzgJY gE zSNE zP ENrEzgzNzY xPubgpo PXYQKzgPpE rU xPub-yQYY KxzYQpKzgJYE. VP
zSKz YpB, ZY fiQEz pYYB zP QYOPJY zSY xPubE XQPzYuzgpo zSY jNYNYE KpB XYQOgz zSQYKBE
zP YpjNYNY KpB BYjNYNY PQBYQE uPpuNQQYpzxU. eY BP EP rU QYXxKugpo zSY jNYNYE gp
WxoPQgzSO 1, xgpYE 9–10, rU K uPpuNQQYpz SYKX EzQNuzNQY yPQ rKubgpo zSY PQBYQ rPPb.
RXYugfiuKxxU, ZY NEY K uPpuNQQYpz OKX, 4 ZSguS gOXPEYE K uNEzPO EPQzgpo Py zSY PQBYQE
gz uPpzKgpE. hgQEz, PQBYQE KQY EPQzYB KuuPQBgpo zP XQguYE, KpB zSYp, KuuPQBgpo zP zSY
zgOYEzKOX.
VP SKpBxY uPpuNQQYpz KuuYEEYE YHXxgugzxU, ZY KxEP KBB gp zSY PQBYQ PrnYuz Kp KBBgzgPpKx
EzKzNE flKo zSKz ZY NEY zP gpBguKzY ZSYzSYQ zSY PQBYQ gE rYgpo XQPuYEEYB PQ SKE rYYp
QYOPJYB rU EPOY zSQYKB. eY OPBgyU zSgE flKo gp K xPub-yQYY OKppYQ NEgpo Kp KzPOgu
uPOXKQY-KpB-EYz (DWR) PXYQKzgPp.
VSY bnxTn.keBetk flKo (WxoPQgzSO 1, xgpY 7) uKp rY gp PpY Py zSQYY EzKzYE: oqTb gpBguKzYE
zSKz zSY PQBYQ gE pPz rYgpo XQPuYEEYB rU KpU zSQYKB; BkgaPowU EXYugfiYE zSKz EPOY
zSQYKB gE XQPuYEEgpo zSY PQBYQ; KpB YbBptbq OYKpE zSKz zSY PQBYQ, KxzSPNoS Ezgxx
XQYEYpz gp zSY PQBYQ rPPb, SKE rYYp xPoguKxxU BYxYzYB.
eY SKJY BYJYxPXYB zSQYY JKQgKpzE Py zSY uPpuNQQYpz, KxOPEz 5 xPub-yQYY KxoPQgzSO, ZgzS
YKuS SKJgpo BgffYQYpz oNKQKpzYYE. VSY fiQEz KxoPQgzSO, ZSguS ZY uKxx Ge-mdccHi,
XQPJgBYE zSY xYKEz oNKQKpzYYE gp zYQOE Py zSY EYjNYpuY gp ZSguS PQBYQE KQY XQPuYEEYB.
VSY EYuPpB KxoPQgzSO, Ge-jdhSdhRi, XQYJYpzE Kp gpuPOgpo PQBYQ yQPO uPpENOgpo pYZ
PQBYQE zSKz SKJY KQQgJYB xKzYQ. VSY xKEz KxoPQgzSO, Ge-eWeC, KBBgzgPpKxxU XQYJYpzE
4 eDnD.CbNk.LlpLCOOKpb.qlpLCOOKpbToNZtNIbPDZ.
5 bvkAW evW aAspwkevVJ Gp Ipe lJW WmMAkLke ApLYJ, evWj awW Ipe LpVMAWeWAj “ApLY-NwWW” aJ kI JpVW

JkelaekpIJ a evwWaG Vaj xW xApLYWG QakekIs Npw evW JeaelJ flas ep xW lMGaeWG xj aIpevWw evwWaG.
SWLvIkdlWJ xaJWG pI “vWAMkIs” LplAG xW lJWG ep aipkG JlLv JkelaekpIJ, ae evW MwkLW pN kILwWaJWG
LpVMAWmkej kI evW aAspwkevVJ. bW evWwWNpwW JAksveAj axlJW evW QpwG “ApLY-NwWW” kI evW wWJe pN evW
LvaMeWw.
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gpuPOgpo PQBYQE KQQgJgpo xKzYQ yQPO EzYKxgpo YHgEzgpo PQBYQE yQPO gpuPOgpo PQBYQE
KQQgJgpo YKQxgYQ.
hPQ zSY EKbY Py EgOXxgugzU, zSY XEYNBP-uPBY KE XQYEYpzYB yNQzSYQ BPYE pPz ESPZ zSY
SKpBxgpo Py OKQbYz PQBYQE. IpEzYKB gz PpxU uPpEgBYQE zSY OPQY oYpYQKx uKEY Py xgOgz
PQBYQE. Ip zSY uKEY Py OKQbYz PQBYQE, gy zSYQY gE pP PQ PpxU K XKQzgKx OKzuS, zSY
NpOKzuSYB PQBYQE KQY QYzNQpYB rKub zP zSY gEENYQ. eY yNQzSYQOPQY POgz PrJgPNE
gOXxYOYpzKzgPp-EXYugfiu BYzKgxE, Y.o., Kp gpuPOgpo PQBYQ gE pKzNQKxxU OKzuSYB KoKgpEz
zSY PXXPEgzY EgBY Py zSY PQBYQ rPPb.

LaEDzQMWX 5 — fQYYBU [ KpB XQgPQgzU ] PQBYQ gpEYQzgPp KxoPQgzSO.
1: sOyXrgty RxdcpH_XdSTcffmdccHi/jdhSdhRi . ZwpLWJJkIs pN aI pwGWw xj a evwWaG
2: nxDjx ← XSX(gmpnegmP)
3: TpgWH nxDjx.undiej > 0 Dt
4: m← 1st IpGW NwpV ojBS [ JlLv evae m.gD < nxDjx.gD ]
5: gs m.AbBbiA = auPHgud rpHy . PwGWw ApskLaAAj wWVpiWG?
6: ojBS← ojBS \ {m} . uWJ: wWVpiW pwGWw NwpV xppY
7: XtyrgyOH
8: TBgr OyrgW m.AbBbiA 6= PAmqSwjE . cipkG lJWAWJJ hcX
9: gs ¬Tpf(m.AbBbiA, wdtu, PAmqSwjE) rpHy . SaYW pQIWwJvkM pN IpGW

10: XtyrgyOH
11: gs ¬TpO_NpRTx(m, nxDjx) rpHy . haI QW VaeLv pwGWw?
12: ojBS← ojBS ∪ {nxDjx} . Op: JepwW pwGWw kI xppY
13: m.AbBbiA← wdtu
14: fvHBL
15: gs m.undiej > nxDjx.undiej rpHy . PwGWw NlAAj JaekJfiWG
16: m.undiej← m.undiej− nxDjx.undiej
17: m.AbBbiA← wdtu
18: fvHBL
19: nxDjx.undiej← nxDjx.undiej− m.undiej . OpGW NlAAj LpIJlVWG
20: m.AbBbiA← auPHgud
21: vHrOvy TFqquTT

sWZ dY-jzZZCu iaEDzQMWX

VSY Ge-mdccHi KxoPQgzSO (EYY WxoPQgzSO 5, POgzzgpo zYHz ZgzSgp EjNKQY rQKubYzE)
ZPQbE KE yPxxPZE. WyzYQ zSY gpuPOgpo PQBYQ bnxTn SKE rYYp QYuYgJYB KpB EuSYBNxYB yPQ
XQPuYEEgpo, zSY ZPQbYQ zSQYKB PrzKgpE zSY rYEz PQBYQ a yQPO zSY PQBYQ rPPb’E SYKX.
tQBYQE gp PNQ xPub-yQYY KxoPQgzSOE uKp rY OKQbYB KE BkgaPowU zP gpBguKzY zSKz zSYU
KQY rYgpo XQPuYEEYB, PQ KE YbBptbq ZSYp xPoguKxxU BYxYzYB rNz Ezgxx Ezgxx XSUEguKxxU
XQYEYpz gp zSY PQBYQ rPPb. WE ENuS, zSY zSQYKB fiQEz uSYubE gy a SKE rYYp OKQbYB KE
QYOPJYB (xgpY 5). Iy EP, gz QYOPJYE a yQPO zSY PQBYQ rPPb (xgpY 6) KpB uPpzgpNYE zP
KpPzSYQ gzYQKzgPp Py zSY KxoPQgzSO. tzSYQZgEY, ZY bpPZ zSKz a SKE pPz rYYp QYOPJYB,
KpB ZY pYYB zP uSYub ZSYzSYQ EPOY PzSYQ zSQYKB SKE KxQYKBU EzKQzYB XQPuYEEgpo a,
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gp ZSguS uKEY ZY ZKgz Npzgx zSY XQPuYEEgpo SKE fipgESYB rU XPxxgpo zSY a.keBetk flKo
(xgpY 8). VSYQYKyzYQ, ZY KzzYOXz zP uSKpoY zSY EzKzNE Py a yQPO oqTb zP BkgaPowU

NEgpo DWR (xgpY 9). Iy zSY DWR PXYQKzgPp ENuuYYBE, zSYp ZY bpPZ zSKz zSY PQBYQ
ZKE gpBYYB gBxY (pPzY zSKz gz uPNxB SKJY rYYp QYOPJYB gp zSY OYKpzgOY, PQ zKbYp
PJYQ yPQ OKzuSgpo rU KpPzSYQ zSQYKB) KpB zSY zSQYKB SKE ENuuYEEyNxxU zKbYp YHuxNEgJY
PZpYQESgX PJYQ gz. Iy zSY DWR PXYQKzgPp yKgxE, zSYp EPOY PzSYQ zSQYKB ONEz SKJY nNEz
uSKpoYB zSY PQBYQ’E EzKzNE zP YgzSYQ BkgaPowU PQ YbBptbq KpB ZY uPpzgpNY zP KpPzSYQ
gzYQKzgPp Py zSY KxoPQgzSO.
WyzYQ zKbgpo PZpYQESgX Py a, ZY pYYB zP uSYub gy zSY XQguY Py zSY gpuPOgpo PQBYQ bnxTn
uPNxB rY OKzuSYB ZgzS zSY XQguY Py a. Iy pPz, ZY EzPQY bnxTn gp zSY PQBYQ rPPb KpB
QYxYKEY a rU EYzzgpo gzE EzKzNE zP oqTb (xgpY 13), YffYuzgJYxU fipgESgpo zSY OKzuSgpo
XQPuYEE Py zSY gpuPOgpo PQBYQ. tzSYQZgEY, gy zSY XQguYE Py a KpB bnxTn uKp rY OKzuSYB,
ZY uSYub gy zSY gpuPOgpo PQBYQ bnxTn uPNxB yNxxU uPpENOY a. Iy EP, ZY BYuQYKEY zSY
gpuPOgpo PQBYQ’E JPxNOY (xgpY 19) KpB OKQb a KE YbBptbq. FPzY, zSKz ZY BP pPz
XSUEguKxxU QYOPJY a yQPO zSY oTBj Kz zSgE EzYX; gpEzYKB, ZY QYxU Pp PzSYQ zSQYKBE’
SYxX yPQ QYOPJgpo gz xKvgxU (xgpYE 5 KpB 6). Iy zSY JPxNOY Py a gE xKQoYQ zSKp bnxTn uKp
uPpENOY, ZY BYuQYKEY gz KpB NpxPub a (xgpY 17). VSgE gOXxgYE zSKz zSY PNzEzKpBgpo
JPxNOY Py a QYOKgpE gp zSY PQBYQ rPPb KpB uKp rY uPpENOYB rU PzSYQ zSQYKBE.
Iy zSY gpuPOgpo PQBYQ SKE K xKQoY JPxNOY, gz uKp XPzYpzgKxxU uPpENOY ONxzgXxY PQBYQE
yQPO zSY rPPb. Ip zSgE JYQEgPp Py zSY KxoPQgzSO ZY BP pPz YpyPQuY KpU QYEzQguzgPpE Pp
ZSguS YHgEzgpo PQBYQE uKp rY uPpENOYB rU zSY gpuPOgpo PQBYQ, g.Y., uPpuNQQYpz zSQYKBE
OgoSz uPpENOY YHgEzgpo PQBYQE zSKz KQY gpzYQxYKJYB gp zSY SYKX.

sWZ dY-RzQDzQMu iaEDzQMWX

VSY Ge-jdhSdhRi KxoPQgzSO XQPJgBYE OPQY oNKQKpzYYE gp zYQOE Py EYjNYpuY gp
ZSguS gpuPOgpo PQBYQE uPpENOY YHgEzgpo PQBYQE EzPQYB gp zSY rPPb. RXYugfiuKxxU,
ZSYp OKzuSgpo Kp gpuPOgpo PQBYQ bnxTn ZgzS zSY uPpzYpz Py zSY rPPb, ZY ZKpz zP
PpxU uPpEgBYQ YHgEzgpo PQBYQE zSKz SKJY rYYp QYuYgJYB EzQguzxU rYyPQY bnxTn SKE rYYp
QYuYgJYB. VP zSKz YpB, ZY QYxU Pp zSY zgOYEzKOX bnxTn.gx KEEgopYB zP YKuS PQBYQ
NXPp KQQgJKx (WxoPQgzSO 3, xgpYE 6). eY zSYp OPBgyU WxoPQgzSO 5 rU KBBgpo Kp YHzQK
uPpBgzgPp (xgpY 4 rYzZYYp EjNKQY rQKubYzE), ZSguS QYEzQguzE bnxTn zP PpxU XQPuYEE PQBYQE
yQPO zSY PQBYQ rPPb SKJgpo K EOKxxYQ zgOYEzKOX. VSgE uPpBgzgPp uKp rY ENXXPQzYB
EzQKgoSzyPQZKQBxU gp PNQ gOXxYOYpzKzgPp rYuKNEY Py zSY bYU ZY NEY zP EzPQY PQBYQE gp
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6.3. L ODGPmzzZGM SzCZz TDDF

zSY uPpuNQQYpz SYKX. IpBYYB, ZY NEY zSY EKOY uPpuNQQYpz OKX KE rYyPQY KpB, ZSYp
QYzQgYJgpo zSY rYEz PQBYQ, ZY KXXxU Kp YHzQK fixzYQ uPpBgzgPp zP EYxYuz PQBYQE SKJgpo
bYUE ZgzS zgOYEzKOXE zSKz KQY EOKxxYQ zSKp zSY uNQQYpzxU XQPuYEEYB PQBYQ.

sWZ dY-YUYS iaEDzQMWX

VP gpzQPBNuY zSY Ge-eWeC KxoPQgzSO, ZY fiQEz gpyPQOKxxU BgEuNEE ZSYQY Ge-jdhSdhRi

gE xKubgpo KpB SPZ gzE ESPQzuPOgpoE uKp rY KBBQYEEYB. Ip WxoPQgzSO 5, gy zSY zSQYKB
XQPuYEEgpo Kp PQBYQ gE BYxKUYB (Y.o., XQYYOXzYB rU zSY tR EuSYBNxYQ), Kp PQBYQ KQQgJgpo
xKzYQ OgoSz uPpENOY zSY rYEz PNzEzKpBgpo PQBYQE gp zSY rPPb. VSgE gE K XQPrxYO gy PpY
pYYBE zP YpyPQuY zSKz PQBYQE KQQgJgpo fiQEz KQY ogJYp XQYuYBYpuY PJYQ PQBYQE KQQgJgpo
xKzYQ. hNQzSYQOPQY, uPpuNQQYpz PQBYQE OKU uPpENOY gpzYQxYKJYB PQBYQE yQPO zSY rPPb,
g.Y., Kp gpuPOgpo PQBYQ OKU rY OKzuSYB KoKgpEz K EYz Py YHgEzgpo PQBYQE zSKz BPYE pPz
QYXQYEYpz K uPpzgpNPNE EYjNYpuY gp zSY rPPb, SYpuY rQYKbgpo KzPOgugzU. VSY OKgp
gBYK Py Ge-eWeC gE zSYQYyPQY zP XQYJYpz zSQYKBE yQPO uPpENOgpo PQBYQE yQPO zSY
rPPb rYyPQY zSY XQPuYEEgpo Py gpuPOgpo PQBYQE QYuYgJYB YKQxgYQ SKE fipgESYB.
VP XQPJgBY zSYEY EzQguzYQ oNKQKpzYYE, ZY YOXxPU gBYKE yQPO zSY SKpB-PJYQ-SKpB
xPubgpo [76] zYuSpgjNY. VSY XQgpugXxY gE zSKz, ZSYp zQKJYQEgpo K xgEz, zSY xPub yPQ zSY
pYHz pPBY pYYBE zP rY PrzKgpYB ZSgxY Ezgxx SPxBgpo zSY xPub Py zSY uNQQYpz pPBY. VSKz
ZKU, zSQYKBE uKppPz PJYQzKbY PpY KpPzSYQ. VSY XEYNBP-uPBY Py zSY Ge-eWeC gE ESPZ
gp WxoPQgzSO 6. W zSQYKB XQPuYEEgpo Kp gpuPOgpo PQBYQ bnxTn , ZSguS ZPNxB uPpENOY
ONxzgXxY YHgEzgpo PQBYQE, fiQEz XYQyPQOE K DWR Pp zSY fiQEz rYEz PQBYQ (xgpY 12), OKQbgpo
gz KE QYOPJYB gp zSY YpB (xgpY 26). VSYp gz EKJYE zSY fiQEz rYEz PQBYQ gp K xPuKx JKQgKrxY
(xgpY 28) KpB uPpzgpNYE zP KpPzSYQ gzYQKzgPp, BNQgpo ZSguS gz EYxYuz zSY EYuPpB rYEz
pPBY (xgpY 5) KpB XYQyPQO K DWR zP KzPOguKxxU uSKpoY gzE EzKzNE zP BkgaPowU. mXPp
ENuuYEE KpB PpxU zSYp BP ZY XSUEguKxxU QYOPJY zSY fiQEz rYEz pPBY yQPO zSY SYKX
(xgpY 15).
VSY XQPuYEE BYEuQgrgpo PQBYQ QYOPJKxE gE BgEzgpuzxU BgffYQYpz yQPO zSKz ZSguS ZKE
XQYEYpzYB gp XQgPQ KxoPQgzSOE. Ip Ge-mdccHi KpB Ge-jdhSdhRi KxoPQgzSOE, ZSYp
Kp KQrgzQKQU zSQYKB BYzYuzE zSKz Kp PQBYQ SKE rYYp OKQbYB KE YbBptbq (WxoPQgzSO 5,
xgpY 5), gz SYxXE rU QYOPJgpo zSKz PQBYQ (g.Y., xKvU QYOPJKx ZgzS SYxXgpo). Ip uPpzQKEz,
gpEzYKB Py KEEgEzgpo gp zSY QYOPJKx Py a yQPO zSY SYKX, zSY Ge-eWeC KxoPQgzSO QYEzKQzE
yQPO zSY rYogppgpo (xgpY 9), QYxUgpo Pp zSY zSQYKB zSKz SKE OKQbYB a KE YbBptbq zP
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LaEDzQMWX 6 — tQBYQ gpEYQzgPp KxoPQgzSO ZgzS hIht XQPXYQzgYE.
1: sOyXrgty RxdcpH_XdSTcffeWeC . ZwpLWJJkIs pN aI pwGWw xj a evwWaG
2: nxDjx ← XSX(gmpnegmP)
3: S← ⊥ . ZwWikplJ IpGW NlAAj VaeLvWG xj evwWaG
4: TpgWH nxDjx.undiej > 0 Dt
5: m← 1st IpGW m 6= S NwpV ojBS JlLv evae m.gD < nxDjx.gD
6: gs m = ⊥ rpHy . cIj VaeLvkIs pwGWw kI xppY?
7: ojBS← ojBS ∪ {nxDjx} . Op: JepwW pwGWw kI xppY
8: fvHBL
9: gs m.AbBbiA = auPHgud rpHy . PwGWw ApskLaAAj wWVpiWG?
10: XtyrgyOH . uWJ: Qake lIekA MvjJkLaAAj wWVpiWG
11: TBgr OyrgW m.AbBbiA 6= PAmqSwjE . cipkG lJWAWJJ hcX
12: gs ¬Tpf(m.AbBbiA, wdtu, PAmqSwjE) rpHy . SaYW pQIWwJvkM pN IpGW
13: XtyrgyOH
14: gs S 6= ⊥ rpHy
15: ojBS← ojBS \ {S} . gWAajWG wWVpiaA
16: S← ⊥
17: gs ¬TpO_NpRTx(m, nxDjx) rpHy . haI QW VaeLv pwGWw?
18: ojBS← ojBS ∪ {nxDjx} . Op: JepwW pwGWw kI xppY
19: m.AbBbiA← wdtu
20: fvHBL
21: gs m.undiej > nxDjx.undiej rpHy . PwGWw NlAAj JaekJfiWG
22: m.undiej← m.undiej− nxDjx.undiej
23: m.AbBbiA← wdtu
24: fvHBL
25: nxDjx.undiej← nxDjx.undiej− m.undiej . OpGW NlAAj LpIJlVWG
26: m.AbBbiA← auPHgud
27: m.gD← nxDjx.gD . ZwkpwkekUW LpILlwwWIe kIJWwekpIJ
28: S← m . nWWM kI xppY (ep aipkG xWkIs piWweaYWI)
29: gs S 6= ⊥ rpHy
30: ojBS← ojBS \ {S} . yWVpiW AaJe LpIJlVWG pwGWw
31: vHrOvy TFqquTT

KxEP XSUEguKxxU QYOPJY gz yQPO zSY SYKX (xgpYE 15 KpB 30). VSYQYyPQY, zSY Ge-eWeC

KxoPQgzSOE XQPJgBYE ZYKbYQ XQPoQYEE oNKQKpzYYE rNz rYzzYQ yKgQpYEE rYzZYYp zSQYKBE.

6.4 jZGZziMQGE JDzFaDiCt

qYEgBYE KxoPQgzSOE yPQ YHXxPgzgpo uPpuNQQYpuU gp zSY PQBYQ rPPb PXYQKzgPp, ZY uPp-
zQgrNzY gp zSgE EYuzgPp K ZPQbxPKB oYpYQKzPQ zSKz KxxPZE YJKxNKzgpo zSY zSQPNoSXNz Py
zSY OKzuSgpo PXYQKzgPp NpBYQ QYKxgEzgu ZPQbxPKB KEENOXzgPpE.
VSY EYpEgzgJY pKzNQY Py fipKpugKx BKzK KpB zSY EzQguz QgoSzE Py BgEuxPENQYE EgopYB
rYzZYYp uxgYpzE Py EzPub jNPzY PXYQKzPQE zUXguKxxU XQYJYpz yQPO NEgpo QYKx BKzKEYzE KpB
uKxx gpEzYKB yPQ KXXQPXQgKzY OPBYxE yPQ EUpzSYzgu BKzK oYpYQKzgPp. APBYxE YOYQoYB
gp YuPpPOguE KpB YuPpPXSUEguE (g.Y., XSUEgugEzE’ KXXQPKuSYE zP zKubxY XQPrxYOE gp
YuPpPOguE) ENuS KE zSY PpYE rU AKExPJ [86], qKQzPxPvvg [15] KpB qKb Yz Kx. [10]. VSYEY
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6.4. jZGZziMQGE JDzFaDiCt

OPBYxE KxxPZ NpBYQEzKpBgpo zSY XQPXYQzgYE Py zSY PQBYQ rPPb gp zYQOE Py zSY zPzKx
JPxNOY Py EYuNQgzgYE KJKgxKrxY PQ QYjNYEzYB Kz YKuS XQguY XPgpz gp zSY rgB KpB KEb
jNYNYE. VSgE KooQYoKzYB gpyPQOKzgPp gE YpPNoS yPQ zSY zKQoYzYB NEYQE Py zSYEY OPBYxE,
ZSP KQY gpzYQYEzYB gp OPBYxxgpo KpB gOXxYOYpzgpo gpJYEzOYpz EzQKzYogYE rKEYB Pp
zSY zPzKx JPxNOY Py EYuNQgzgYE Kz YKuS XQguY XPgpz, gpBYXYpBYpzxU yQPO zSYgQ PQgogp PQ
BYEzgpKzgPp. VSY BgEzQgrNzgPp Py gpBgJgBNKx PQBYQ EgvYE SKE rYYp EzNBgYB EYXKQKzYxU,
KpB ESPZp zP yPxxPZ K XPZYQ xKZ rU EYJYQKx KNzSPQE [21, 48, 87]. RPOY OPBYxE zSKz
uPpEgBYQ gpBgJgBNKx PQBYQE pPpYzSYxYEE NEY K Npgz PQBYQ EgvY QKzSYQ zSKp K BgEzQgrNzgPp
gp zSY gpzYQYEz Py EgOXxgugzU [71, 86].
eY gOXxYOYpz K JKQgKzgPp Py zSY OPBYx XQPXPEYB rU AKExPJ [86], ZSguS NEYE EgOXxY
QNxYE KpB ZSguS PNzXNz SKE rYYp ESPZp zP uPOXKQY ZYxx ZgzS zSY rYSKJgPNQ Py K QYKx
xgOgz PQBYQ-BQgJYp OKQbYz. VSY PQgogpKx OPBYx KEENOYE SPZYJYQ, EgOgxKQxU zP [71],
zSKz Kxx PQBYQE SKJY zSY EKOY JPxNOY Py PpY EgpoxY EYuNQgzU. VSgE EgOXxgfiuKzgPp gE
XQPrxYOKzgu yPQ zYEzgpo K OKzuSgpo YpogpY, gp XKQzguNxKQ yPQ zYEzgpo gzE rYSKJgPNQ KpB
XYQyPQOKpuY gp zSY XQYEYpuY Py XKQzgKxxU OKzuSYB PQBYQE. eY zSYQYyPQY YHzYpB zSY
OPBYx rU KxxPZgpo PQBYQE zP yYKzNQY KQrgzQKQU JPxNOYE KpB KEEgop JPxNOYE yPxxPZgpo
K XPZYQ xKZ BgEzQgrNzgPp rKEYB Pp fipBgpoE OKBY rU AKExPJ KpB AgxxE gp [87]. eY
pPzY zSKz KpPzSYQ xgOgzKzgPp Py zSgE OPBYx gE zSKz gz BPYE pPz uPpEgBYQ uSKpoYE zP
YHgEzgpo PQBYQE EzPQYB gp zSY PQBYQ rPPb, NpxgbY yPQ gpEzKpuY zSY qKb-iKuvNEbg-RSNrgb
OPBYx [10]. eY uSPPEY pPz zP KBBQYEE zSgE xgOgzKzgPp KE gz BPYE pPz yNpBKOYpzKxxU
xgOgz zSY QYXQYEYpzKzgJYpYEE Py zSY rYSKJgPNQ Py uxgYpzE NEgpo zSY PQBYQ rPPb yPQ ZSKz
uPpuYQpE zSY OKzuSgpo KxoPQgzSO gzEYxy. VSY YHXgQU OYuSKpgEO yPQ YHgEzgpo PQBYQE
XQPXPEYB rU zSY OPBYx, KxPpo ZgzS pYZ gpEYQzgPpE gE gpBYYB YpPNoS zP OPBYx BUpKOguE.
eY pPZ XQPuYYB zP BYzKgxgpo zSY OPBYx gzEYxy. Wp KJYQKoY XQguY j gE fiHYB Kz zSY
rYogppgpo PQ zSY oYpYQKzgPp, ZSguS EzKQzE rU zSY oYpYQKzgPp Py PpY rgB KpB PpY KEb
xgOgz PQBYQ. VSYQYKyzYQ, PQBYQE KQY oYpYQKzYB rU fiQEz BYugBgpo Pp zSYgQ PXYQKzgPp (rgB
PQ KEb), ZgzS YjNKx XQgPQgzU. MKuS PQBYQ gE K qTvTU PQBYQ ZgzS XQgPQgzU vto, KpB K vrmohU

PQBYQ PzSYQZgEY. VSY XQguY KzzKuSYB zP K xgOgz PQBYQ gE oYpYQKzYB rKEYB Pp zSY rKEY
XQguY K Py zSY rYEz KJKgxKrxY PQBYQ Pp zSY PzSYQ EgBY Py zSY PQBYQ rPPb: zSY uSYKXYEz KEb
yPQ K rgB, KpB zSY xKQoYEz rgB yPQ Kp KEb. W QKpBPO JKQgKzgPp ∆, oYpYQKzYB QKpBPOxU
gp {1, 2, ...,∆jMq} gE KXXxgYB: zSY XQguY yPQ zSY PQBYQ gE EYz zP j(e) + ∆ yPQ K rgB, PQ zP
j(e)−∆ yPQ Kp KEb. VSY JPxNOY l yPQ YKuS PQBYQ gE oYpYQKzYB KuuPQBgpo zP zSY XPZYQ
xKZ gBYpzgfiYB gp [87]. hPQ OKQbYz PQBYQE, A [l] ∝ l−1−µmarket ZSYQY µmarket = 1.4. hPQ

99



OWiHMZz 6. LHHaQPiMQDG MD SGaQGZ sziCQGE

xgOgz PQBYQE, A [l] ∝ 1
c
T−

(l−en(e))2
y , ZSYQY D = 7 KpB h = 4. VSYEY JKxNYE yPQ µmarket, D

KpB h KQY zSY PpYE ENooYEzYB gp zSY PQgogpKx XKXYQ [87], KE KQY zSY JKxNYE ZY NEY yPQ
zSY PzSYQ XKQKOYzYQE: vto = 1

2 , KpB ∆ = 4. eY NEY Kp gpgzgKx XQguY Py j = 1, 000.
Ip PQBYQ zP XQYJYpz xgOgz PQBYQE EzKUgpo gpBYfipgzYxU gp zSY PQBYQ rPPb, Kp YHXgQU
OYuSKpgEO QYOPJYE NpOKzuSYB xgOgz PQBYQE yQPO zSY PQBYQ rPPb KyzYQ λjMq zgOY EzYXE.
VSY YHXgQU OYuSKpgEO XQYJYpzE zSY KuuNONxKzgPp Py xgOgz PQBYQE SKJgpo XQguYE zSKz
BgffYQ EgopgfiuKpzxU yQPO zSY uNQQYpz OKQbYz XQguY. Ip zSY QYKx OKQbYz, zSgE PXYQKzgPp gE
XYQyPQOYB rU YgzSYQ zQKBYQE PQ rU zSY EzPub YHuSKpoY gzEYxy. hPQ gpEzKpuY, zSY FYZ
sPQb RzPub MHuSKpoY XNQoYE Kxx NpOKzuSYB PQBYQE Kz zSY YpB Py zSY BKU. AKExPJ
gpBguKzYE zSKz yPQ KpU QYKEPpKrxU xKQoY JKxNY Py zSY uNz-Pff XKQKOYzYQ λjMq, zSY OPBYx
XQPBNuYE zSY EKOY EuKxgpo XQPXYQzgYE Py XQguY flNuzNKzgPpE. eY NEY λjMq = 1, 000 KE gp
zSY PQgogpKx XKXYQ.

6.5 gKiamiMQDG

eY YHXYQgOYpz Pp zZP BgffYQYpz KQuSgzYuzNQYE (hgoNQY 6.3). VSY fiQEz gE Kp IpzYx
g7-5960l TKEZYxx Dim (8 uPQYE, 16 SKQBZKQY zSQYKBE ZgzS SUXYQzSQYKBgpo YpKrxYB)
ZgzS 32 fq Py GWA. VSY EYuPpB gE Kp IqA iteMG8 R822 EYQJYQ (10 uPQYE, 80
SKQBZKQY zSQYKBE) ZgzS 32 fq Py GWA. eY QNp PNQ YHXYQgOYpzE gp tXYpdLw’E
GNpzgOY MpJgQPpOYpz, rNgxB 1.8.0_40, ZgzS BYyKNxz PXzgPpE.
hPQ Kxx uPpuNQQYpz PQBYQ rPPb gOXxYOYpzKzgPpE uPpEgBYQYB, ZY XQPuYEE 100,000 PQBYQE
gp zPzKx. eY JKQU zSY zSQYKB uPNpz yQPO 1 zP zSY OKHgONO pNOrYQ Py zSQYKBE
ENXXPQzYB rU YKuS KQuSgzYuzNQY. eY QNp Kxx YHXYQgOYpzE 10 zgOYE KpB XQYEYpz zSY
KJYQKoY. VSY PQBYQE KQY oYpYQKzYB PfflgpY NEgpo zSY OPBYx yQPO RYuzgPp 6.4, bYXz gp
OYOPQU KpB QYXxKUYB BgQYuzxU zP YKuS Py zSY PQBYQ rPPb gOXxYOYpzKzgPpE. hPQ YKuS Py
zSY YHXYQgOYpzE XYQyPQOYB, ZY KxEP XxPz zSY PrzKgpYB EXYYBNX QYxKzYB zP zSY rKEYxgpY
EYjNYpzgKx OKzuSgpo YpogpY QNppgpo ZgzS K EgpoxY zSQYKB.
hPQ Kxx zSY zYEzE, ZY PrEYQJY zSKz zSY xPub-yQYY KXXQPKuSYE PNzXYQyPQO fipY-oQKgpYB xPub-
gpo. VSY xKzzYQ KXXQPKuS BPYE pPz EuKxY rYUPpB 4 zSQYKBE yPQ zSY TKEZYxx KQuSgzYuzNQY
KpB 8 zSQYKBE yPQ iteMG8. eSYp OPQY zSQYKBE KQY NEYB, SPZYJYQ, gzE XYQyPQOKpuY
BPYE pPz BYoQKBY EgopgfiuKpzxU KpB QYOKgpE QYxKzgJYxU uPpEzKpz. Ip uPpzQKEz, ZSYp
xPPbgpo Kz zSY xPub-yQYY KXXQPKuSYE, ZY EYY zSKz zSYU EuKxY KxOPEz xgpYKQxU. WxEP, ZY
EYY zSKz zSY OPQY oNKQKpzYYE gp zYQOE Py zSY EYjNYpuY gp ZSguS PQBYQE KQY XQPuYEEYB K
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hgoNQY 6.3 – tQBYQ XQPuYEEgpo zgOY (KJYQKoY PJYQ 100,000) KpB EXYYBNX yPQ BgffYQYpz
PQBYQ rPPb gOXxYOYpzKzgPpE Pp zSY IpzYx TKEZYxx (zPX) KpB IqA iteMG8 (rPzzPO)
KQuSgzYuzNQYE.

xPub-yQYY KxoPQgzSO XQPJgBYE, zSY ExPZYQ gz XYQyPQOE. VSY JKQgKzgPpE gp XYQyPQOKpuY
KQY, SPZYJYQ, OgpgOKx.

6.6 omXXizu

eY XQPXPEYB gp zSgE uSKXzYQ EzQKzYogYE yPQ XYQyPQOgpo PQBYQ OKzuSgpo gp zSY PQBYQ
rPPb gp K uPpuNQQYpz OKppYQ. eY EzKQzYB ZgzS zZP xPub-rKEYB gOXxYOYpzKzgPpE NEgpo
uPKQEY- KpB fipY-oQKgpYB xPubgpo BYEgopE. eY zSYp XQPXPEYB zSQYY KxoPQgzSOE zSKz BP
pPz NEY YHXxgugz xPubE KpB XQPJgBY BgffYQYpz oNKQKpzYYE gp zYQOE Py zSY EYjNYpuY Py
PQBYQ XQPuYEEgpo. eY KxEP uPpzQgrNzYB K ZPQbxPKB oYpYQKzPQ zSKz KxxPZE NE zP YJKxNKzY
zSY zSQPNoSXNz Py PQBYQ OKzuSgpo NpBYQ QYKxgEzgu ZPQbxPKB KEENOXzgPpE. MHXYQgOYpzKx
QYENxzE ENooYEz zSKz, KxzSPNoS zSY fipY-oQKgpYB KXXQPKuS EuKxYE PpxU NX zP K yYZ uPQYE,
rU uKQYyNxxU ENrEzgzNzgpo xPubgpo PXYQKzgPpE rU xPub-yQYY KxzYQpKzgJYE, ZY uKp KuSgYJY
SgoS XYQyPQOKpuY KpB oPPB EuKxKrgxgzU. hNzNQY ZPQb OgoSz zKQoYz uPOrgpgpo PNQ
uPpuNQQYpz OKzuSgpo YpogpY ZgzS AVfF dTamkpUWm, yPQOgpo K uPSYEgJY yQKOYZPQb
ZSYQY rPzS, PQBYQ BgEXKzuS KpB OKzuSgpo, KQY YHYuNzYB gp Kp KxOPEz xPub-yQYY OKppYQ.
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"sV yLPy IV SVLR FLP vVQyVQj FLV iN ySPVQSV Vyj I’LQV

unNQIV gVNLjé. YQ ySPVQjPfiFLV INQy yOQ iNgOnNjOPnV Vyj

QOQ yVLiVTVQj LQ jVSwQPSPVQ : Pi Vyj NLyyP LQ VQANQj viNSé

IVXNQj IVy vwéQOTèQVy QNjLnViy FLP i’PTvnVyyPOQQVQj

SOTTV IVy SOQjVy IV AéVy."

AKQgY RbłPBPZEbK DNQgY 7
ODGPamtQDG

iNrxgES/ENrEuQgrY gE K XPXNxKQ KXXQPKuS zSKz yNxfixxE OKpU Py pPZKBKUE pYYBE gp
BgEzQgrNzYB EUEzYOE.
DSKXzYQE 3 KpB 4 BgEuNEEYB SPZ K XNrxgES/ENrEuQgrY YpogpY uPNxB rY XQPJgEgPpYB KpB
EuKxY Pp K OKEEgJYxU XKQKxxYx gpyQKEzQNuzNQY ENuS KE K uxPNB.
DSKXzYQ 5 yPuNEYB Pp SPZ zP YHzYpB zSY KyPQYOYpzgPpYB YpogpY zP KxxPZ gz zP uPXY
ZgzS xPKB JKQgKzgPpE zSKz PuuNQ Kz QNpzgOY.
DSKXzYQ 6 XQYEYpzYB Kp KXXxguKzgPp zP PpxgpY zQKBgpo, OPQY EXYugfiuKxxU, zP PQBYQ rPPb
OKpKoYOYpz, K XQPrxYO zSKz ESKQYE EPOY uPOOPp KEXYuzE ZgzS XNrxgES/ENrEuQgrY.
Ip zSgE uSKXzYQ, I ENOOKQgvY zSY uPpzQgrNzgPpE Py zSgE zSYEgE KpB uPpuxNBY rU XQYEYpzgpo
XPEEgrxY yNzNQY BgQYuzgPpE, gp ZSguS zSgE ZPQb uPNxB rY YHzYpBYB.

7.1 omXXizu Dv ODGMzQImMQDGt

VSY fimaU pmWtqhv zSKz ZY BYugBYB zP KBBQYEE ZKE zSY HzDKQtQDGQGE Dv i PDGMZGM-

IitZC HmIaQtW/tmItPzQIZ ZGEQGZ. VSY PNzuPOY Py zSgE XQYxgOgpKQU QYEYKQuS ZKE
zSY YEzKrxgESOYpz Py K EzKoY-BQgJYp KQuSgzYuzNQY YEXYugKxxU ENgzKrxY yPQ EuKxgpo. eY
KxEP BgEuNEEYB SPZ XNrxguKzgPpE KpB ENrEuQgXzgPpE XKQzgzgPpgpo uPNxB rY KXXxgYB zP
uPXY ZgzS BYOKpBgpo ZPQbxPKBE. eY KxEP YJKxNKzYB zSY ENr-xgpYKQ uPEz Py fixzYQgpo
KxoPQgzSOE Pp xKQoY uPpzYpz-rKEYB XNrxgES/ENrEuQgrY EUEzYOE. eY SgoSxgoSzYB OYzQguE
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KpB OYzSPBE zSKz KQY KXXQPXQgKzY gp zSY gOXxYOYpzKzgPp KpB zSY BYXxPUOYpz Py K
xKQoY-EuKxY uPpzYpz-rKEYB XNrxgES/ENrEuQgrY YpogpY.
VSY ahBWjs pmWtqhv zSKz ZY EYxYuzYB zP KBBQYEE ZKE MWZ CZtQEG iGC MWZ QXHaZ-

XZGMiMQDG Dv i tPiaiIaZ PDGMZGM-IitZC HmIaQtW/tmItPzQIZ ZGEQGZ. tNQ gOXxY-
OYpzKzgPp, rRdcpNkaQ, YHSgrgzYB JKxNKrxY EuKxKrgxgzU XQPXYQzgYE. rRdcpNkaQ

PNzXYQyPQOE ZYxx-bpPZp uPpzYpz-rKEYB XNrxgES/ENrEuQgrY YpogpYE zSKz QYxU Pp rQPbYQ
PJYQxKUE. rRdcpNkaQ KQuSgzYuzNQY EXxgzE zSY XQPuYEE gpzP zSQYY EuKxKrxY PXYQKzPQE
zSKz KQY KxxPuKzKrxY SPQgvPpzKxxU KpB JYQzguKxxU. tp zSY zYEzrYpuS Py 48 OKuSgpYE (yPQ
K zPzKx Py 384 uPQYE), rRdcpNkaQ uKp ENEzKgp SgoS zSQPNoSXNzE Py ENrEuQgXzgPpE KpB
XNrxguKzgPpE QYjNYEzE, fixzYQgpo zSPNEKpBE Py XNrxguKzgPpE KoKgpEz SNpBQYBE Py zSPN-
EKpBE Py QYogEzYQYB ENrEuQgXzgPpE, oYpYQKzgpo zSPNEKpBE Py pPzgfiuKzgPpE zP ENrEuQgrYQE
XYQ EYuPpB.
VSY UXTms pmWtqhv zSKz ZY EYxYuzYB zP KBBQYEE ZKE MWZ iCCQMQDG Dv ZaitMQPQMu

vZiMmzZt MD Dmz PDGMZGM-IitZC HmIaQtW/tmItPzQIZ ZGEQGZ. iNrxgES/ENrEuQgrY gE
Kp YHuYxxYpz uKpBgBKzY zP rY XQPJgBYB KE iKKR; gBYKxxU, zSY NEKoY gp zYQOE Py uPOXNzgpo
pPBYE ESPNxB yPxxPZ zSY xPKB Py zSY KXXxguKzgPp. c-rRdcpNkaQ gE zSY ENuuYEEPQ Py
rRdcpNkaQ BYEgopYB zP yNxfixx zSgE QYjNgQYOYpz. MxKEzgugzU EuKxgpo gE XPEEgrxY zSKpbE
zP OgoQKzgPpE Py PXYQKzPQ ExguYE; Kp YxKEzgugzU YpyPQuYQ PQuSYEzQKzYE OgoQKzgPpE Py ExguYE
gp K EOKQz ZKU zP OKzuS zSY YxKEzgugzU XPxgugYE. tNQ YJKxNKzgPp BYOPpEzQKzYE zSKz
c-rRdcpNkaQ EuKxYE NX KpB BPZp KuuPQBgpo zP JKQgKzgPpE Py zSY xPKB; KNzPOKzguKxxU
XQPJgEgPpgpo KpB QYxYKEgpo pPBYE KuuPQBgpo zP K XQYBYfipYB YxKEzgugzU XPxguU.
hgpKxxU, zSY uWkmUX pmWtqhv zSKz Pp ZSguS ZY yPuNEYB ZKE QXHaZXZGMiMQDG Dv i

WQEWau PDGPmzzZGM XiMPWQGE ZGEQGZ. MJYp zSPNoS zSY OKzuSgpo YpogpY Py zSY
EzPub YHuSKpoY OKQbYz ESKQYE OKpU XQPXYQzgYE ZgzS zSY XNrxgES/ENrEuQgrY XKQKBgoO
BgEuNEEYB gp zSY XQYJgPNE XQPrxYOE, gz SKE EPOY EXYugfiu QYjNgQYOYpzE zSKz uSKpoY zSY
EXYuzYQ Py XPEEgrxY EPxNzgPpE. tNQ fiQEz KXXQPKuSYE KQY zZP xPub-rKEYB gOXxYOYpzKzgPpE
NEgpo uPKQEY- KpB fipY-oQKgpYB xPubgpo. VSYp ZY XQPXPEY zSQYY PzSYQ KxoPQgzSOE
zSKz KQY pPz NEgpo YHXxgugz xPubE KpB XQPJgBY JKQgPNE PQBYQ XQPuYEEgpo oNKQKpzYYE.
MHXYQgOYpzKx QYENxzE ESPZ zSKz zSY fipY-oQKgpYB KXXQPKuS EuKxYE NX PpxU zP K yYZ uPQYE
KpB zSKz xPub-yQYY KxzYQpKzgJYE KuSgYJY SgoSYQ XYQyPQOKpuY ZgzS rYzzYQ EuKxKrgxgzU.
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7.2 YmMmzZ BQzZPMQDGt

VSY XQYEYpzYB PNzuPOYE Py zSgE zSYEgE OPzgJKzY KBBgzgPpKx gBYKE gp zSY BgQYuzgPpE Py
gOXQPJgpo uPpzYpz-rKEYB XNrxgES/ENrEuQgrY. Ip zSY yPxxPZgpo EYuzgPpE, ZY xgEz XPEEgrxY
yNzNQY BgQYuzgPpE zSKz uPNxB rY zKbYp EzKQzgpo Py PNQ uPpzQgrNzgPpE.

7.2.1 oPiaiIaZ ODGMZGM-TitZC RmIaQtW/omItPzQIZ gGEQGZ

DPpzYpz-rKEYB XNrxgES/ENrEuQgrY ZPQbxPKBE QYjNgQY K xPz Py uPOXNzgpo XPZYQ Pp pPBYE.
aKQgPNE KXXQPKuSYE KBBQYEE zSgE gEENY rU NEgpo EXYugfiu SKQBZKQY yYKzNQYE.
qU NEgpo XTRX-hjs RmrpXTBa pmWBhaaTjR kjTUa (DbI) AKQoYQK KpB DNoPxK [37, 81] rNgxz
K uPpzYpz-rKEYB XNr/ENr EUEzYO zSKz rYpYfiz yQPO zSY SgoSxU XKQKxxYx KpB KffPQBKrxY
XQPuYEEgpo XPZYQ KJKgxKrxY gp OPBYQp fimE. VSYgQ QYEYKQuS YHSgrgzE uxYKQ EXYYBNXE
ZgzS K SgoSYQ pNOrYQ Py KzzQgrNzYE ZSYp uPOXKQYB zP RIMFW [27]. VSY KNzSPQE
YOXSKEgvY Pp SPZ gz gE SKQB zP ZQgzY YffiugYpz uPBY Pp fimE KpB KrPNz zSY JKQgPNE
QYEzQguzgPpE. eSgxY zSY NEY Py fimE gE pPz YHKuzxU K EgxJYQ rNxxYz, zSY PNzuPOY Py zSgE
QYEYKQuS uPNxB rY KBKXzYB KpB YJKxNKzYB gp rRdcpNkaQ.
qU zKbgpo KBJKpzKoY Py Xrmsgrmh akppWmUhs jhUgWmoTjR fiqUhmTjR vhBXrjTava [17, 18]
qSPZOgb hU rq. XQPXPEY K SUrQgB uPpzYpz-rKEYB XNr/ENr YpogpY EUEzYO gp K OKppYQ
zSKz gz uPOrgpYE fixzYQgpo Py YJYpzE gp zSY KXXxguKzgPp KpB zSY pYzZPQb xKUYQE. W EgOgxKQ
KXXQPKuS ZPNxB rY gpzYQYEzgpo KE K XQY-fixzYQgpo EzYX Pp rRdcpNkaQ, BYXPQzgpo EPOY
Py zSY fixzYQgpo uPEz Pp zSY pYzZPQb gpyQKEzQNuzNQY.

7.2.2 gaitMQPQMu

tNQ YxKEzgu uPpzYpz-rKEYB XNr/ENr EUEzYO, c-rRdcpNkaQ, gE KrxY zP KNzPOKzguKxxU
EuKxY PNz KpB gp KuuPQBgpo zP zSY xPKB Py zSY EUEzYO.
cgbY LUpKOPzS [50], c-rRdcpNkaQ’E YxKEzgugzU YpyPQuYQ NEYE XQPrYE zP OYKENQY zSY
uNQQYpz EUEzYO xPKB KE Kp gpXNz yPQ EuKxgpo. eY uPNxB gpJYEzgoKzY gp hqraUTBTUw pWqTBw

hjuWmBhm UXrU BWvpqTha UW sTffhmhjU Uwph Wu HAfa, T.h. XryTjR r RkrmrjUhh Wj qrUhjBw.
c-rRdcpNkaQ YJKxNKzgPp ZKE BPpY Pp K SPOPoYpPNE uxNEzYQ Py pPBYE. TKpBxgpo
YxKEzgu EuKxgpo Pp K SYzYQPoYpYPNE uxNEzYQ uPNxB rY K oQYKz gOXQPJYOYpz. tp ENuS
K uxNEzYQ, Kp hqraUTBTUw pWqTBw hjuWmBhm UXrU UmTha UW vTjTvTNh UXh RqWtrq pWghm BWj-

akvpUTWj uPNxB rY Kp gpzYQYEzgpo gpJYEzgoKzgPp. VSgE ZPQb OgoSz rY BPpY NEgpo xPKB
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XQPrYE uPpnPgpzxU ZgzS XPZYQ uPpENOXzgPp XQPrYE (ENuS zSKz zSY PpY rYgpo NEYB rU
wNQXguv [74]).

7.2.3 LHHaQPiMQDG MD SGaQGZ sziCQGE

tNQ JKQgPNE PQBYQ rPPb gOXxYOYpzKzgPpE uPpfiQOYB PNQ YHXYuzKzgPpE, rNz zSYQY KQY
Ezgxx EPOY PXYp ZKUE yPQ yNQzSYQ QYEYKQuS.
tpY uPNxB rY zSY NEY Py EXYugfiu Dim yYKzNQYE; K oPPB uKpBgBKzY uPNxB rY zSY
Xrmsgrmh akppWmUhs UmrjarBUTWjrq vhvWmw; KJKgxKrxY Pp OKpU IpzYx XQPuYEEPQE EgpuY
zSY oYpYQKzgPp uPBYpKOYB TKEZYxx ZgzS zSY gpEzQNuzgPp EYz VRl-FI [96] KpB KJKgxKrxY
Pp IqA iPZYQ XQPuYEEPQE EgpuY oYpYQKzgPp 8 ZgzS gpEzQNuzgPp EYzE VcM/VcR [75].
VQKpEKuzgPp OYOPQU KxxPZE rKzuSYE Py xPKB KpB EzPQY PXYQKzgPpE zP YHYuNzY KE K
EgpoxY KzPOgu uPOOgz ZgzSPNz zSY pYYB yPQ KpU YHXxgugz xPubE; gz gOXQPJYE zSY PJYQKxx
XYQyPQOKpuY KpB EgOXxgfiYE zSY XKQKxxYx XQPoQKOOgpo OPBYx. W dKJK/RuKxK rgpBgpoE
xgrQKQU yPQ IpzYx VRl SKE rYYp ZQgzzYp 1 KpB uPNxB rY NEYB KE Kp YHzYpEgPp Py PNQ
KXXxguKzgPp. FPzY, Pp IpzYx VRl, zSY zQKpEKuzgPpKx OYOPQU uPBY rxPubE ESPNxB pPz
KxzYQ OYOPQU zSKp zSY xYJYx 1 uKuSY [117]. VSY EgvY Py zSY c1 uKuSY JKQgYE yQPO 32bq
zP 896bq Pp zSY IpzYx Dim XQPBNuzE QKpoY, VRl gE Kp YHzQYOYxU XQPOgEgpo gpEzQNOYpz,
rNz zSgE xgOgzKzgPp OgoSz XQYJYpz XPQzgpo xKQoY BKzK EzQNuzNQYE.
WE KQoNYB gp DSKXzYQ 6, SgoS-yQYjNYpuU OKQbYz OKbgpo gE BPpY Kz K XKuY zSKz yPQuYE
NEYQE zP OPJY zP SgoS-EXYYB KxoPQgzSOE KpB BKzK QYXQYEYpzKzgPpE. VSY XPQz Py PNQ
KxoPQgzSOE Pp hifWE pYYBE zP rY gpJYEzgoKzYB gp PQBYQ zP rY uPOXKQYB ZgzS YHgEzgpo
YpogpYE.

1 Sf4o pI FkeKlx (Z. fawAkWw aIG y. CawaUUleek): ibbZI://YNbiCV.LlR/OVDODhhCbbN/bR4e
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