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ISPACE = IMARK + 11 až 22mA
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Napětí sběrnice na opakovači

Komunikace Mater -> Slave

Komunikace Slave -> Master

Spotřeba proudu zařízením Slave
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36V

❖❜(U③❡❦ ✷✳✷✿ 7(✐♥❝✐♣ ③❛➦&③❡♥& ▼✲❇❯❙ ▼❛"*❡( ✭♥❛❤♦➦❡✮ ❛ ❙❧❛✈❡ ✭❞♦❧❡✮✱ ❜✐*♦✈U (❡♣(❡③❡♥*❛❝❡ "✐❣♥U❧✉ ♥❛ "❜➙(♥✐❝✐

✷✳✶✳✶ ❋②③✐❝❦) ✈+,-✈❛

❙❜➙(♥✐❝❡ ▼✲❇❯❙ ❥❡ ♥❛♣U❥❡♥❛ ♥❛♣➙*&♠ ✸✻❱ ✭▼❆❘❑✮✱ ❝♦➸ ❥❡ ✐ ❦❧✐❞♦✈U ❤♦❞♥♦*❛✳ ❚♦*♦ ❦❧✐❞♦✈N ♥❛♣➙*& ✉(↔✉❥❡

❤♦❞♥♦*✉ ❧♦❣✳✶✳ 7♦❦✉❞ ▼❛"*❡( ✈②"&❧U ❞❛*❛ "♠➙(❡♠ ❦ ③❛➦&③❡♥& ❙❧❛✈❡✱ ♠♦❞✉❧✉❥❡ ♥❛♣➙*& "❜➙(♥✐❝❡✳ ◆✐➸➨& ♥❛♣➙*& "❡

♦③♥❛↔✉❥❡ ❥❛❦♦ ❙7❆❈❊✭❧♦❣✳ ✵✮ ❛ ✈②➨➨& ♥❛♣➙*& ❥❛❦♦ ▼❆❘❑✭❧♦❣✳✶✮✳ ❙❧❛✈❡ ♠✉"& ❞❧❡ ♥♦(♠② ❞❡*❡❦♦✈❛* ♥❛♣➙*& ✈②➨➨&

♥❡➸ VMARK − 5.5V ❥❛❦♦ ▼❛(❦ ❛ ♥❛♣➙*& ♥✐➸➨& ♥❡➸ VMARK − 8.2V ❥❛❦♦ ❙7❆❈❊✳ ▼❛"*❡( ♦❜✈②❦❧❡ ♣♦✉➸&✈U ♣(♦

"♣♦❧❡❤❧✐✈N ❞♦"❛➸❡♥& ❤♦❞♥♦*② ❙7❆❈❊ "♥&➸❡♥& ♥❛♣➙*& "❜➙(♥✐❝❡ ♥❛ ❤♦❞♥♦*✉ ✷✹❱✳ ❱ ③U✈✐"❧♦"*✐ ♥❛ ✈③❞U❧❡♥♦"*✐ "❡

♠✉"& ❜(U* ✈ f✈❛❤✉✱ ➸❡ ✈ ❞➲"❧❡❞❦✉ ♦❞♣♦(✉ "❜➙(♥✐❝❡ ❜✉❞❡ ♥❛ ③❛➦&③❡♥& ❙❧❛✈❡ ❤♦❞♥♦*❛ ▼❆❘❑ ♥✐➸➨& ♥❡➸ ✸✻❱✳

❙❧❛✈❡✱ ♣➦✐ "✈N ❦♦♠✉♥✐❦❛❝✐ "❡ ③❛➦&③❡♥&♠ ▼❛"*❡(✱ ♠♦❞✉❧✉❥❡ "✈➲❥ ♣(♦✉❞♦✈h ♦❞❜➙( *❛❦♦✈h♠ ③♣➲"♦❜❡♠✱ ➸❡

❦❧✐❞♦✈h "*❛✈ " ♦❞❜➙(❡♠ ♣♦❞ ✶✱✺♠❆ (❡♣(❡③❡♥*✉❥❡ ❤♦❞♥♦*✉ ❧♦❣✳✶ ✭▼❆❘❑✮ ❛ ③✈h➨❡♥h ♦❞❜➙( ♣(♦✉❞✉ ♥❛ ✶✶ ❛➸

✷✷♠❆ (❡♣(❡③❡♥*✉❥❡ ❤♦❞♥♦*✉ ❧♦❣✳✵ ✭❙7❆❈❊✮✳

▼❡*♦❞❛ ♣➦&"*✉♣✉ ♥❛ "❜➙(♥✐❝✐ ❥❡ *❡❞② *②♣✉ ▼❛"*❡(✲❙❧❛✈❡✳ ◆❛♣➙*& ✸✻❱ ③❛❥✐➨➫✉❥❡ ❞♦"*❛*❡↔♥♦✉ ♦❞♦❧♥♦"* ♣(♦*✐

✈♥➙❥➨&♠✉ (✉➨❡♥& ❛ ③U(♦✈❡➡ ❥❡ ❞♦"*❛*❡↔♥N ♣(♦ ③❛❥✐➨*➙♥& "♣♦❧❡❤❧✐✈N ❦♦♠✉♥✐❦❛❝❡ ♥❛ ✈③❞U❧❡♥♦"* ♥➙❦♦❧✐❦❛ ❦✐❧♦♠❡*(➲✳

❏❛❦♦ ❢②③✐❝❦N ♠N❞✐✉♠ ♣♦✉➸&✈U ▼✲❇✉" ❦❧❛"✐❝❦♦✉ *❡❧❡❢♦♥♥& ❞✈♦✉❧✐♥❦✉ ✭❏❨❙*❨ ◆✯✷✯✵✳✽ ♠♠✮✳ ❑✈➲❧✐ ♦❞♣♦(✉

✈❡❞❡♥& ❥❡ ♠❛①✐♠U❧♥& ✈③❞U❧❡♥♦"* ♠❡③✐ ❥❡❞♥♦*❧✐✈h♠✐ ③❛➦&③❡♥&♠✐ ✸✺✵ ♠✳ ❩❛➦&③❡♥& ♠♦❤♦✉ ❦♦♠✉♥✐❦♦✈❛* (②❝❤❧♦"*♠✐

✸✵✵ ❛➸ ✾✻✵✵ ❇❞✳ ❑ "❜➙(♥✐❝✐ ❥❡ ♠♦➸♥N ♣➦✐♣♦❥✐* ❛➸ ✷✺✵ ③❛➦&③❡♥& *②♣✉ ❙❧❛✈❡✳

✶✶



◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

✷✳✶✳✷ ▲✐♥❦♦✈) ✈*+,✈❛

❋②③✐❝❦C ✈("*✈❛ ❦❧❛❞❡ ♥❛ ❧✐♥❦♦✈♦✉ ✈("*✈✉ ♥➙❦♦❧✐❦ ♣♦➸❛❞❛✈❦➲✿ ③ ❞➲✈♦❞✉ "②♥❝❤(♦♥✐③❛❝❡ ♠✉"& ❜J* ♠✐♥✐♠C❧♥➙

❦❛➸❞J ✶✶✳ ❜✐* ✈ L(♦✈♥✐ ❧♦❣✳✶ ❛ ❥❡ ✈②➸❛❞♦✈C♥ ♣♦❧♦❞✉♣❧❡①♥& ❛"②♥❝❤(♦♥♥& "P(✐♦✈J ♣➦❡♥♦" " (②❝❤❧♦"*♠✐ ✸✵✵ ❛➸

✾✻✵✵ ❇❞✳ ❙②♥❝❤(♦♥✐③❛❝❡ ♣(♦❜&❤C ♣➦✐ ❙*❛(* ❜✐*✉ ❛ ❙*♦♣ ❜✐*✉✱ ♥❡♥& ❛❧❡ ✈②➸❛❞♦✈C♥❛ ↔❛"♦✈C ♠❡③❡(❛ ♠❡③✐ ❦♦♥❝❡♠

❥❡❞♥♦❤♦ (C♠❝❡ ❛ ③❛↔C*❦❡♠ ❞❛❧➨&❤♦✱ *❥✳ ♠❡③✐ ❙*♦♣ ❜✐*❡♠ ❛ ❙*❛(* ❜✐*❡♠✳ ❙*(✉❦*✉(❛ ♣➦❡♥C➨❡♥P❤♦ ❜❛❥*✉ ✭③♥❛❦✉✮

❥❡ ♥❛ ♦❜(✳✷✳✸✳

❖❜(C③❡❦ ✷✳✸✿ 7➦❡♥♦" ❥❡❞♥♦❤♦ ③♥❛❦✉ ♣♦ "❜➙(♥✐❝✐ ▼✲❇✉"

7(♦ ♣(♦*♦❦♦❧ ▼✲❇✉" ❥❡ ❞❡✜♥♦✈C♥ ❢♦(♠C* ❧✐♥❦♦✈P ✈("*✈② *➦&❞② ❋❚ ✶✳✷✱ ❦*❡(J ❞❧❡ ■❊❈ ✽✼✵✲✺ ♦❜"❛❤✉❥❡ ❞❛*❛

*➦&❞② ✐♥*❡❣(✐*②

✷

■✷✱ *❥✳ "❡ "♣❡❝✐✜❝❦♦✉ ❍❛♠♠✐♥❣♦✈♦✉ ✈③❞C❧❡♥♦"*& ✹✳ ❋♦(♠C* *➦&❞② ❋❚ ✶✳✷ ❞❡✜♥✉❥❡ *➦✐ ❞(✉❤②

(C♠❝➲✱ ❦*❡(P ♠♦❤♦✉ ❜J* (♦③♣♦③♥C♥② ♣♦❞❧❡ ③♥❛❦✉ ❙❚❆❘❚✳ ❙*(✉❦*✉(✉ ❥❡❞♥♦*❧✐✈J❝❤ *②♣➲ (C♠❝➲ ♠➲➸❡♠❡ ✈✐❞➙*

♥❛ ❖❜(✳ ✷✳✹✳

❖❜(C③❡❦ ✷✳✹✿ ❋♦(♠C* (C♠❝❡ ▼✲❇✉" *➦&❞② ❋❚ ✶✳✷ ❞❧❡ ■❊❈✽✼✵✲✺

✷

❚➦"❞❛ ✐♥'❡❣*✐'② ❥❡ ♠➙➦"'❦❡♠ ❦✈♦❝✐❡♥'✉ ♠❡③✐ ♠"*♦✉ ♥❡③❥✐➨'➙♥6❝❤ ❝❤②❜ ✈❡ ③♣*:✈➙ ❛ ♣*❛✈❞➙♣♦❞♦❜♥♦;'" ❝❤②❜♥➙ ♣➦❡♥❡;❡♥6❝❤ ❜✐'➲

✈ ♣*➲❜➙❤✉ ♣➦❡♥♦;✉✳

✶✷



◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

❱!③♥❛♠ ♣♦❧) *+♠❝➲ ❧✐♥❦♦✈1 ✈*23✈②

5♦❧❡ ▲ ✭▲✲❋✐❡❧❞✱ ▲❡♥❣3❤ ❋✐❡❧❞✮ ❬✶ ❜❛❥3❪ 7♦❧❡ ▲ ✉❞C✈C ♠♥♦➸"*✈& ✉➸✐✈❛*❡❧"❦E❝❤ ❞❛*✱ ♥❛✈E➨❡♥H ♦ ❤♦❞✲

♥♦*✉ ✸ ✭♣♦❧❡ ❈✱❆✱❈■✮✳

5♦❧❡ ❈ ✭❈✲❋✐❡❧❞✱ ❈♦♥3*♦❧ ❋✐❡❧❞✮ ❬✶ ❜❛❥3❪ ◆❡❥❥✈②➨➨& ❜✐* ✭▼❙❇✮ ❥❡ ✉(↔❡♥ ♣(♦ ❜✉❞♦✉❝& ♣♦✉➸✐*&✱ ❜✐*

✻ ✐♥❞✐❦✉❥❡ "♠➙( ♣➦❡♥♦"✉✳ ❇✐* ❋❈❇ ✭❋(❛♠❡ ❈♦✉♥* ❇✐*✮ ✐♥❞✐❦✉❥❡ V"♣➙➨♥H ✈②"&❧C♥&✳ 7♦❦✉❞ ▼❛"*❡( ♥❡❞♦"*❛♥❡

♦❞♣♦✈➙↕✱ ✈②➨❧❡ ✐❞❡♥*✐❝❦E *❡❧❡❣(❛♠ "❡ "*❡❥♥E♠ ❋❈❇✳ ❍♦❞♥♦*❛ ✶ ❜✐*✉ ❋❈❱ ✭❋(❛♠❡ ❈♦✉♥* ❜✐* ❱❛❧✐❞✮ ③♥❛↔&✱ ➸❡

❋❈❇ ❥❡ ♣♦✉➸✐*✱ ✈ ♦♣❛↔♥H♠ ♣➦&♣❛❞➙ ❜② ♠➙❧ ❙❧❛✈❡ ❜✐* ❋❈❇ ✐❣♥♦(♦✈❛*✳ ❇✐*② ❋① ✉❞C✈❛❥& ❢✉♥❦❝✐ ♥❡❜♦ ❛❦❝✐ ③♣(C✈②

✭♥❛♣➦✳ ✐♥✐❝✐❛❧✐③❛❝❡ ❙❧❛✈❡ ③❛➦&③❡♥&❝❤✱ ♣♦➸❛❞❛✈❡❦ ♥❛ ❞❛*❛✱ ❛*❞✳ ✈✐③✳✿ ❬✶❪✮

❱ ♦♣❛↔♥H♠ "♠➙(✉ ❙❧❛✈❡ ♣➦✐ ❉❈❋❂✶✭❉❛*❛ ❋❧♦✇ ❈♦♥*(♦❧✮ ✐♥❞✐❦✉❥❡✱ ➸❡ ➸C❞♥C ❞❛❧➨& ♣➦&❝❤♦③& ❞❛*❛ ♥❡❜✉❞❡

❛❦❝❡♣*♦✈❛*✳ ◆❛"*❛✈❡♥&♠ ❜✐*✉ ❆❈❉❂✶ ✭❆❝❝❡"" ❉❡♠❛♥❞✮ ❙❧❛✈❡ "✐❣♥❛❧✐③✉❥❡ ♣♦➸❛❞❛✈❡❦ ♥❛ ✈②"&❧C♥& ❞❛* ✈②"♦❦H

♣(✐♦(✐*② ✭❈❧❛"" ✶ ❞❛*❛✮✳

❚❛❜✉❧❦❛ ✷✳✷✿ ❱E③♥❛♠ ♣♦❧❡ ❈

❷&"❧♦ ❜✐*✉ ✼ ✻ ✺ ✹ ✸ ✷ ✶ ✵

❙♠➙( ❞♦*❛③✉ ✵ ✶ ❋❈❇ ❋❈❱ ❋✸ ❋✷ ❋✶ ❋✵

❙♠➨( ♦❞♣♦✈➙❞✐ ✵ ✵ ❆❈❉ ❉❋❈ ❋✸ ❋✷ ❋✶ ❋✵

❇✐*② ❋❈❇ ❛ ❋❈❱ ♠♦❤♦✉ ❜E* ♣♦✉➸✐*② ✐ ✈ ♣➦&♣❛❞➙✱ ❦❞② ❙❧❛✈❡ ✈ (❡❛❦❝✐ ♥❛ ❞♦*❛③ ♦❞❡"&❧C ♦❞♣♦✈➙↕✱ ❥❡➸ ❥❡ ✈➙*➨&

♥❡➸ ❥❡❞❡♥ (C♠❡❝ *❛❦✱ ➸❡ ♣➦❡♣&♥C ❜✐* ❋❈❇ ❥❛❦♦ ♣♦➸❛❞❛✈❡❦ ♣(♦ ♣➦&❥❡♠ ❞❛❧➨& ↔C"*✐ (C♠❝❡✳

5♦❧❡ ❆ ✭❆✲❋✐❡❧❞✱ ❆❞❞*❡22 ❋✐❡❧❞✮ ❬✶ ❜❛❥3❪ ❆❞(❡"♦✈H ♣♦❧❡ ❆ ✐❞❡♥*✐✜❦✉❥❡ ❥❡❞♥♦*❧✐✈C ③❛➦&③❡♥& ❙❧❛✈❡ ♣➦✐

❦♦♠✉♥✐❦❛❝✐ "♠➙(❡♠ ❦❡ ❦♦❧❡❦*♦(✉ ❞❛* ✭③❛➦&③❡♥& ▼❛"*❡(✮✳ ❆❞(❡"♦✈H ♣♦❧❡ ♠C ✈❡❧✐❦♦"* ✶ ❜❛❥*✱ *③♥✳ ♠➲➸❡ ♥❛❜E✈❛*

❤♦❞♥♦* ✵ ❛➸ ✷✺✺✳ ◆❡❦♦♥✜❣✉(♦✈❛♥E ❙❧❛✈❡ ♠C ❤♦❞♥♦*✉ ♣♦❧❡ ❆ ♥✉❧♦✈♦✉✱ ❦♦♥✜❣✉(♦✈❛♥E♠ ③❛➦&③❡♥&♠ ❙❧❛✈❡ ♠➲➸❡

❜E* ♣➦✐➦❛③❡♥❛ ❤♦❞♥♦*❛ ✶ ❛➸ ✷✺✵✳ ❆❞(❡"② ✷✺✹ ✭✵①❋❊✮ ❛ ✷✺✺ ✭✵①❋❋✮ ❥"♦✉ ♣♦✉➸✐*② ♣(♦ ❜(♦❛❞❝❛"* ✲ ♣♦✉➸✐*&♠

❛❞(❡"② ✷✺✺ ➸C❞♥E ③ ♣❛(*✐❝✐♣✉❥&❝&❝❤ ③❛➦&③❡♥& ♥❡♦❞♣♦✈&❞C✱ ♣➦✐ ❛❞(❡"❡ ✷✺✹ ♦❞♣♦✈&❞❛❥& ✈➨❡❝❤♥❛ ③❛➦&③❡♥& ❙❧❛✈❡

✈❧❛"*♥& ❛❞(❡"♦✉✱ ❝♦➸ ♠➲➸❡ ✈H"* ❦❡ ❦♦❧✐③&♠ ♥❛ "❜➙(♥✐❝✐✱ ❛ ♣(♦*♦ "❡ ♣♦✉➸&✈C ♣(♦ *❡"*♦✈C♥&✳ ❆❞(❡"❛ ✷✺✸ ✐♥❞✐❦✉❥❡

❢❛❦*✱ ➸❡ ❛❞(❡"❛❝❡ ❜✉❞❡ ♣(♦✈C❞➙♥❛ ♥❛ "&➫♦✈H ✈("*✈➙ ■❙❖✴❖❙■ ♥❛♠&"*♦ ❧✐♥❦♦✈H ✈("*✈②✳ ❩❜②❧H ❛❞(❡"② ❥"♦✉ ✉(↔❡♥②

♣(♦ ❜✉❞♦✉❝& ♣♦✉➸✐*&✳

5♦❧❡ ❈■ ✭❈■✲❋✐❡❧❞✱ ❈♦♥3*♦❧ ■♥❢♦*♠❛3✐♦♥ ❋✐❡❧❞✮ ❬✶ ❜❛❥3❪ 7♦❧❡ ❈■ ❥❡ ❥✐➸ "♦✉↔C"*& ❛♣❧✐❦❛↔♥& ✈("*✈②

■❙❖✴❖❙■ ❛ ❜✉❞❡ ❞❡*❛✐❧♥➙❥✐ ♣♦♣"C♥♦ ✈ ❦❛♣✐*♦❧❡ ✷✳✷✳

❑♦♥3*♦❧♥) 2♦✉↔❡3 ✭❈❤❡❝❦2✉♠✮ ❬✶ ❜❛❥3❪ ❙❧♦✉➸& ♣(♦ ✐❞❡♥*✐✜❦❛❝✐ ❝❤②❜ ♥❛ ❧✐♥❦♦✈H ✈("*✈➙ ❛ ✈②♣♦↔*❡ "❡

❥❛❦♦ ❛(✐*♠❡*✐❝❦E "♦✉↔❡* ✈E➨❡ ③♠&♥➙♥♥E❝❤ ♣♦❧& ✭❜❛❥*➲✮ ❜❡③ ♣♦✉➸✐*& ♣➦❡♥♦"✉✳ ❏❡❞♥C "❡ ♦ ♦♣❡(❛❝✐ ❳❖❘✳

5*♦❝❡2 ❦♦♠✉♥✐❦❛❝❡ ▲✐♥❦♦✈C ✈("*✈❛ (♦③❡③♥C✈C ❞✈❛ *②♣② ❤❛♥❞"❤❛❦✉✿ ❤❛♥❞"❤❛❦❡ *②♣✉ ♣♦➨❧✐✴♣♦*✈(↕ ✭"❡♥❞✴✲

❝♦♥✜(♠✮ ❛ *②♣✉ ❞♦*❛③✴♦❞♣♦✈➙↕ ✭(❡o✉❡"*✴(❡"♣♦♥❞✮✳

❼ 7♦➨❧✐✴7♦*✈(↕ ✭❙❡♥❞✴❈♦♥✜(♠✮✿ 7➦✐ *♦♠*♦ ❦♦(❡"♣♦♥❞❡♥↔♥&♠ ♣(♦✈♦③✉ ❜✉↕ ▼❛"*❡( ③❛↔&♥C ♣➦❡♥♦" ✭❈✲

❋✐❡❧❞❂❙◆❉❴◆❑❊ ❬✶❪✮ ❛ ❙❧❛✈❡ ♣♦*✈(③✉❥❡ ③♥❛❦❡♠ ✵①❊✺✱ ♥❡❜♦ ▼❛"*❡( ♦❞❡"&❧C ❞❛*❛ ❛ ❙❧❛✈❡ ✐♥❞✐❦✉❥❡

❦♦(❡❦*♥& ♣➦✐❥❡*& ♦♣➙* ③♥❛❦❡♠ ✵①❊✺✱ ♥❡❜♦ ♣♦*(✈③♦✈❛❝&♠ "✐❣♥C❧❡♠✳

❼ ❉♦*❛③✴❖❞♣♦✈➙↕ ✭❘❡o✉❡"*✴❘❡"♣♦♥❞✮✿ ▼❛"*❡( "✐ ♦❞ ③❛➦&③❡♥& ❙❧❛✈❡ ✈②➸C❞C ❈❧❛"" ✷ ❞❛*❛ ✭❞❛*❛ " ♥✐➸➨&

♣(✐♦(✐*♦✉ ♥❡➸ ❈❧❛"" ✶✮✳ ❙❧❛✈❡ ♠➲➸❡ ❜✉↕ ♦❞♣♦✈➙❞➙* ♦❞❡"❧C♥&♠ "✈E❝❤ ❞❛* "♣♦❧✉ " ❘❙7❴❯❉✱ ♥❡❜♦ ♦❞♣♦✈➙↕

✶✸



◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

✈②♥❡❝❤B✳ ❙❧❛✈❡ ♥❡♦❞♣♦✈&❞B✱ ♣♦❦✉❞ ❞♦*❛③ ♥❡♥& ❦♦(❡❦*♥➙ ♣➦✐❥❛*✱ ♥❡❜♦ ♥❡"♦✉❤❧❛"&✲❧✐ ❛❞(❡"❛ ♦❜"❛➸❡♥B ✈ (B♠❝✐

❞♦*❛③✉✱ ❦*❡(B ✐❞❡♥*✐✜❦✉❥❡ ③❛➦&③❡♥&✱ "❡ ❦*❡(K♠ ▼❛"*❡( ❦♦♠✉♥✐❦✉❥❡✳

▼♦➸♥♦$%✐ ❞❡%❡❦❝❡ ❝❤②❜ ♥❛ ❧✐♥❦♦✈1 ✈2$%✈➙

❼ ❑♦♥*(♦❧❛ ❙*❛(* ❜✐*✉✱ 7❛(✐*② ❛ ❙*♦♣ ❜✐*✉ ✉ ❦❛➸❞M❤♦ ❥❡❞♥♦*❧✐✈M❤♦ ③♥❛❦✉

❼ ❑♦♥*(♦❧❛ ❜❧♦❦➲ ❙*❛(*✱ ❈❤❡❝❦ ❙✉♠ ❛ ❙*♦♣ ✈ ❦❛➸❞M♠ (B♠❝✐

❼ ❑♦♥*(♦❧❛ ❞(✉❤M❤♦ ❜❧♦❦✉ ❙*❛(*✱ ♣❛(✐*❛ ❞✈♦✉ ❜❧♦❦➲ ❞M❧❦② ▲ ❛ ♣♦↔❡* ♣➦✐❥❛*K❝❤ ③♥❛❦➲ ✭♣♦❧❡ ▲ ✰ ✻✱

✈✐③✳ ❖❜(✳✷✳✹✮

7➦✐ ❞❡*❡❦❝✐ ❝❤②❜② ❜✉❞❡ ③♣(B✈❛ ③❛❤♦③❡♥❛✳ ▼❛"*❡( ♦↔❡❦B✈B ♣♦*✈(③❡♥& ③❛ ❞♦❜✉ *(✈B♥& ✶✶*✐ ❜✐*➲ ❛ ❞♦❜♦✉ ✭✸✸✵

❜✐*➲ ✰ ✺✵ ♠"✮✳ 7♦❦✉❞ ▼❛"*❡( ♣♦*✈(③❡♥& ✈❡ "*❛♥♦✈❡♥M ❞♦❜➙ ♥❡♦❜❞(➸&✱ ♣♦❦✉"& "❡ ♣➦❡♥♦" ♦♣❛❦♦✈❛*✳ 7♦❦✉❞ "❡

♣➦❡♥♦" *➦✐❦(B* ♥❡♣♦❞❛➦&✱ ▼❛"*❡( ↔❡❦B ♠✐♥✐♠B❧♥➙ ♣♦ ❞♦❜✉ *(✈B♥& ✸✸ ❜✐*➲✳ ❘♦✈♥➙➸ ♣♦❦✉❞ ❙❧❛✈❡ *➦✐❦(B* ♣♦ "♦❜➙

♦❞❡➨❧❡ ❝❤②❜♥K ♥❡❜♦ ♣♦➨❦♦③❡♥K (B♠❡❝✱ ↔❡❦B *❛❦M ♠✐♥✐♠B❧♥➙ ♣♦ ❞♦❜✉ *(✈B♥& ✸✸ ❜✐*➲✳ 7♦*M "❡ ♠➲➸❡ ▼❛"*❡( ♦♣➙*

♣♦❦✉"✐* ✐♥✐❝✐❛❧✐③♦✈❛* ♣➦❡♥♦"✳ 7♦❦✉❞ ✐ *♦*♦ "❡❧➸❡✱ ♣♦"♦✉✈B "❡ ❦ ❞❛❧➨& ❛❞(❡"❡✳

✷✳✷ ❆♣❧✐❦❛↔♥* ✈,-.✈❛ ✭❊◆✶✸✼✺✼✲✸✮

❆♣❧✐❦❛↔♥& ✈("*✈❛ ✈②*✈B➦& (♦③❤(❛♥& ♠❡③✐ "②"*M♠❡♠ ❛ ✉➸✐✈❛*❡❧❡♠✳ ❆♣❧✐❦❛↔♥& ✈("*✈✉ ✈②✉➸&✈B ❜✉↕ ✈②➨➨& "❧✉➸❜❛

♣♦♣➦✳ ♣(♦❣(❛♠✱ ♥❡❜♦ "❛♠♦*♥K ✉➸✐✈❛*❡❧✳ ❇❧♦❦ ❈■ ✉(↔✉❥❡✱ ❥❛❦K *②♣ ❛ ↔B"* ❞❛* ❛♣❧✐❦❛↔♥& ✈("*✈② "❡ ♠❛❥& ✈❡ ❢(❛♠✉

✈②"&❧❛*✳ ❉(✉❤K ❜✐* ♣♦❧❡ ❈■ ❞❡✜♥✉❥❡✱ ❥❛❦ ❜✉❞♦✉ ❞❛*❛ ♣➦❡♥B➨❡♥❛ ✈ ♠✉❧*✐❜❛❥*♦✈M♠ ③B③♥❛♠✉✳ 7♦❦✉❞ ❥❡ ❜✐* ❧♦❣✳✵✱

❜✉❞♦✉ ❞❛*❛ ♣➦❡♥B➨❡♥❛ " ♥❡❥♠M♥➙ ✈K③♥❛♠♥K♠ ❜✐*❡♠ ❥❛❦♦ ♣(✈♥&♠✱ ✈ ♦♣❛↔♥M♠ ♣➦&♣❛❞➙✱ ❦❞② ❥❡ ❜✐* ♥❛"*❛✈❡♥✱

❜✉❞♦✉ ❞❛*❛ ♣➦❡♥B➨❡♥❛ " ♥❡❥✈K③♥❛♠♥➙❥➨&♠ ❜✐*❡♠ ❥❛❦♦ ♣(✈♥&♠✳ 7♦❧❡ ❈■ ♠➲➸❡ "❧♦✉➸✐* ✐ ♣(♦ (❡"❡* ❛♣❧✐❦❛❝❡✱ *&♠
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③❛❦C❞♦✈❛♥I "❧♦✈♦ ♦❜"❛❤✉❥❡ "*❡❥♥I ♠♥♦➸"*✈& ♥✉❧ ❛ ❥❡❞♥✐↔❡❦✳ ❩E(♦✈❡➡ ✈ ❦C❞✉ ♠✉"& ❜S* ❛❧❡"♣♦➡ ❞✈➙ ③♠➙♥②✱

*③♥✳ ♥❡♥& ♠♦➸♥I ♣♦✉➸&* ✏✵✵✵✶✶✶✑ ♥❡❜♦ ✏✶✶✶✵✵✵✑✳ ❚❛❦*♦ ③❛❦C❞♦✈❛♥E ❞❛*❛ ❥"♦✉ ♣➦❡♥E➨❡♥❛ " ♥❡❥✈S③♥❛♠♥➙❥➨&♠

❜✐*❡♠ ❥❛❦♦ ♣(✈♥&♠✳

❚♦*♦ ❦C❞♦✈E♥& ❜② ♠➙❧♦ ❜S* ❛♣❧✐❦♦✈E♥♦ ♣➦✐ ♣♦✉➸✐*& ♠C❞✉ ↔❛"*I❤♦ ✈②"&❧E♥& ✭♠C❞② ❚✶ ❛ ❚✷✮✱ ♣➦✐ ❦♦♠✉♥✐✲

❦❛❝✐ ♠➙➦✐↔❡ " ❦♦♥❝❡♥*(E*♦(❡♠ ✭❙❧❛✈❡ ✙ ▼❛"*❡(✮✳ ❑♦♥❝❡♥*(E*♦( ♠➲➸❡ ♦❞♣♦✈➙❞➙* ♠➙➦✐↔✐ ③♣(E✈♦✉ ❦C❞♦✈❛♥♦✉

❦C❞♦✈E♥&♠ ▼❛♥❝❤❡"*❡(✳

❚❛❜✉❧❦❛ ✷✳✸✿ ❚❛❜✉❧❦❛ ❦C❞✉ ✏✸✲♦✉*✲♦❢✲✻✑

◆❘❩ ❦C❞ ❉❡"&*❦♦✈➙ ✸✲♦✉*✲♦❢✲✻ ❉❡"&*❦♦✈➙ ♣♦↔❡* ③♠➙♥ ✈ ❦C❞✉

✵✵✵✵ ✵ ✵✶✵✶✶✵ ✷✷ ✹

✵✵✵✶ ✶ ✵✵✶✶✵✶ ✶✸ ✸

✵✵✶✵ ✷ ✵✵✶✶✶✵ ✶✹ ✷

✵✵✶✶ ✸ ✵✵✶✵✶✶ ✶✶ ✸

✵✶✵✵ ✹ ✵✶✶✶✵✵ ✷✽ ✷

✵✶✵✶ ✺ ✵✶✶✵✵✶ ✷✺ ✸

✵✶✶✵ ✻ ✵✶✶✵✶✵ ✷✻ ✹

✵✶✶✶ ✼ ✵✶✵✵✶✶ ✶✾ ✸

✶✵✵✵ ✽ ✶✵✶✶✵✵ ✹✹ ✸

✶✵✵✶ ✾ ✶✵✵✶✵✶ ✸✼ ✹

✶✵✶✵ ✶✵ ✶✵✵✶✶✵ ✸✽ ✸

✶✵✶✶ ✶✶ ✶✵✵✵✶✶ ✸✺ ✷

✶✶✵✵ ✶✷ ✶✶✵✶✵✵ ✺✷ ✸

✶✶✵✶ ✶✸ ✶✶✵✵✵✶ ✹✾ ✷

✶✶✶✵ ✶✹ ✶✶✵✵✶✵ ✺✵ ✸

✶✶✶✶ ✶✺ ✶✵✶✵✵✶ ✹✶ ✹

✷✳✸✳✷ ▲✐♥❦♦✈) ✈*+,✈❛ ❲✐*❡❧❡++ ▼✲❇✉+

❲✐(❡❧❡"" ▼✲❇✉" "♣❡❝✐✜❦✉❥❡ ♥➙❦♦❧✐❦ ❢♦(♠E*➲ (E♠❝❡✿ (E♠❡❝ ❢♦(♠E*✉ ❆ ❛ (E♠❡❝ ❢♦(♠E*✉ ❇✳ ❘E♠❡❝ ♣(♦*♦❦♦❧✉

❲✐(❡❧❡"" ▼✲❇✉" *✈♦➦& ♥➙❦♦❧✐❦ ❜❧♦❦➲✳ 7(✈♥& ❜❧♦❦ 7(❡❛♠❜✉❧❡ "❡ "❦❧E❞E ③ ❤❧❛✈✐↔❦② ❛ "②♥❝❤(♦♥✐③❛↔♥&❤♦ "❧♦✈❛✳

7(❡❛♠❜✉❧❡ ♠E *✈❛(✿ n ∗ (01) + Sync. word✳ ❍❧❛✈✐↔❦❛ ♦❜"❛❤✉❥❡ ❛❧*❡(♥✉❥&❝& ✏01✑ ❛ ❞❧❡ ↔&"❧❛ n (♦③❡③♥E✈E♠❡

✉ ❙✲♠C❞✉ ❤❧❛✈✐↔❦✉ ❞❧♦✉❤♦✉ ✭n ≥ 279✮✱ ♥❡❜♦ ❤❧❛✈✐↔❦✉ ❦(E*❦♦✉✭n ≥ 15✮✱ ♠C❞ ❚ ♠E ❞I❧❦✉ ❤❧❛✈✐↔❦② n ≥ 19✳

❙②♥❝❤(♦♥✐③❛↔♥& "❧♦✈♦ ❥❡ ♣(♦ ❙✲♠C❞✿ 0001 1101 1010 0101 10 ❛ ♣(♦ ❚✲♠C❞ 0000 1111 01✳

7(✈♥& ♣♦❧❡ ♣(✈♥&❤♦ ❜❧♦❦✉ ❥❡ ♣♦❧❡ ❞I❧❦② ▲ ✭▲✲❋✐❡❧❞✮ ♦❜"❛❤✉❥&❝& ♣♦↔❡* ❜❛❥*➲ ✉➸✐✈❛*❡❧"❦S❝❤ ❞❛*✱ ✈↔❡*♥➙

➦&❞&❝&❝❤ ❛ ❛❞(❡"♦✈S❝❤ ❜❧♦❦➲ ❛ ✈②❥♠❛ ❜❧♦❦✉ ❈❘❈✳ 7♦❦✉❞ ♥❡♥& ♠♥♦➸"*✈& ❜❛❥*➲ ✉➸✐✈❛*❡❧"❦S❝❤ ❞❛* ❞➙❧✐*❡❧♥I

✶✻*✐ ❜❡③❡ ③❜②*❦✉ ✭*❥✳ (L − (C + M + A)) % 16 6= 0 ✮✱ ♣♦*♦♠ ♣♦"❧❡❞♥& ❜❧♦❦ n ❜✉❞❡ ♦❜"❛❤♦✈❛* ③❜S✈❛❥&❝❤

(L− (C +M +A))% 16 ❜❛❥*➲ ❛ ✷ ❜❛❥*② ❈❘❈✳ ❖"*❛*♥& ❜❧♦❦② ✭❦(♦♠ ♣(✈♥&❤♦ ❛ ♣➦&♣❛❞♥➙ ♣♦"❧❡❞♥&❤♦✮ ♦❜"❛❤✉❥&

✈➸❞② ✶✻ ❜❛❥*➲ ❛ ✷ ❜❛❥*② ❈❘❈✳

❉❛❧➨& ♣♦❧❡ ♣(✈♥&❤♦ ❜❧♦❦✉ ❥❡ ➦&❞&❝& ♣♦❧❡ ❈✳ 7♦❧❡ ❈ "♣❡❝✐✜❦✉❥❡ *②♣ (E♠❝❡ ❛ ❞❧❡ ❬✹❪ ❜② *♦*♦ ♣♦❧❡ ♠➙❧♦ ♥❛❜S✈❛*

❤♦❞♥♦* C❂✵①✹✹ ♣(♦ ✈②"&❧E♥& ✈ "✉❜♠C❞✉ ❙✶✴❚✶✱ ❦❞② ♥❡♣♦➸❛❞✉❥✐ ♦❞♣♦✈➙↕✱ C❂✵①✵✻ ♣(♦ ♦❜♦✉"♠➙(♥S ♠C❞

❙✷✴❚✷ ❛ C❂✵①✹✻ ♣(♦ ❥❡❞♥♦"♠➙(♥S ♠C❞ ❙✶✴❚✶✳

7♦❧❡ ▼ ♦❜"❛❤✉❥❡ ✐❞❡♥*✐✜❦❛❝✐ ✈S(♦❜❝❡✱ *♦❥↔&"❡❧♥S ❦C❞ ❥❡❞♥♦*❧✐✈S❝❤ ✈S(♦❜❝➲❬✼❪ "❡ ✈②♣♦↔&*E ♣♦♠♦❝& ✷✳✶✳

M❂ [ASCII(1.znak)− 64] · 32 · 32✰[ASCII(2.znak)− 64] · 32✰[ASCII(3.znak)− 64] ✭✷✳✶✮

✶✻



◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

pro CEN je M❂ [67− 64] · 32 · 32✰[69− 64] · 32✰[78− 64] = 3246d = 0x0CAE

❆❞(❡"♦✈E ♣♦❧❡ ❆ ♦❜"❛❤✉❥❡ ✐❞❡♥*✐✜❦❛↔♥& ↔&"❧♦ ✈J(♦❜❝❡✱ ❦*❡(E ❜② ♠➙❧♦ ❜J* ✉♥✐❦N*♥&✱ ❝♦➸ ♠✉"& ③❛(✉↔✐* ✈J(♦❜❝❡

♥❡❜♦ ✉➸✐✈❛*❡❧✳ 7♦❦✉❞ ❥❡ ♣♦✉➸✐*❛ ❆♣❧✐❦❛↔♥& ✈("*✈❛ ❲✐(❡❧❡"" ▼✲❇✉" ✲ ❊◆ ✶✸✼✺✼✲✸ ❛ ♣♦❦✉❞ ♣♦❧❡ ❈■ ✭❈♦♥*(♦❧

■♥❢♦(♠❛*✐♦♥✮ ♦❜"❛❤✉❥❡ ❥❡❞♥✉ ③ ❤♦❞♥♦*✿ 0x72✱ 0x78 ♥❡❜♦ 0x7A✱ *❛❦ ❥❡ ♣♦❧❡ ❆ ✈❡ *✈❛(✉✿ ✹ ❜❛❥*② ✐❞❡♥*✐✜❦❛↔♥&❤♦

↔&"❧❛✱✶ ❜❛❥* ✉❞N✈❛❥&❝& ❣❡♥❡(❛❝✐ ♥❡❜♦ ✈❡(③✐ ♠➙➦✐↔❡✭*♦*♦ ↔&"❧♦ "*❛♥♦✈✉❥❡ ✈J(♦❜❝❡✮ ❛ ✶ ❜❛❥* ✉(↔✉❥&❝& *②♣ ♠➙➦❡♥E❤♦

♠E❞✐❛ ✭✈✐③ ❬✸❪✮✳

7♦"❧❡❞♥& ❞✈❛ ❜❛❥*② ❦❛➸❞E❤♦ ❜❧♦❦✉ *✈♦➦& ♥❡❣♦✈❛♥E ❈❘❈✱ ❦*❡(E ❥❡ ♣♦↔&*N♥♦ ③ ♣➦❡❞❝❤N③❡❥&❝&❝❤ ♣♦❧&✳ ❈❘❈ ❥❡

❣❡♥❡(♦✈N♥♦ ♣♦❧②♥♦♠❡♠✿

x16
✰x13 + x12 + x11 + x10 + x8 + x6 + x5 + x2 + x1 + 1 ✭✷✳✷✮

7(✈♥& ❜❛❥* ❞(✉❤E❤♦ ❜❧♦❦✉ *✈♦➦& ♣♦❧❡ ❈■ ✭❈♦♥*(♦❧ ■♥❢♦(♠❛*✐♦♥✮✱ ❦♦♥❦(E*♥& ❦`❞② *♦❤♦*♦ ❜❧♦❦✉ ❥"♦✉ ✈ *❛❜✳✻✳✸✳

7♦❧❡ ✏❈♦♥*(♦❧ ■♥❢♦(♠❛*✐♦♥✑ ✉ ❲✐(❡❧❡"" ▼✲❇✉" "♣❡❝✐✜❦✉❥❡ ✐❞❡♥*✐✜❦❛❝✐ ❛♣❧✐❦❛↔♥& ✈("*✈②✳ ❉(✉❤J ♥❡❥✈②➨➨& ❜❛❥*

❜❧♦❦✉ ✷ ♦❜"❛❤✉❥❡ ♣♦❧❡ ❉■❋✱ ♥❡"♦✉❝& ✐♥❢♦(♠❛❝✐ ♦ ✐♥*❡(♣(❡*❛❝✐ ❞❛*✿ ❢♦(♠N* ❛ (♦③♠➙(✱ *③♥✳ ❥"♦✉✲❧✐ ♥❛♣➦✳ ❞❛*❛

✈❡ ❢♦(♠N*✉ ✐♥*✶✻✱ (❡❛❧✸✷✱ ♥❡❜♦ ❥"♦✉✲❧✐ ③❛❦`❞♦✈N♥❛ ❥❛❦♦ ✻ ❞✐❣✐*➲ ❇❈❉✳ ◆N"❧❡❞✉❥&❝& ❜❛❥* ♦❜"❛❤✉❥❡ ❱■❋✱ ❝♦➸ ❥❡

❞♦♣❧➡❦♦✈N ✐♥❢♦(♠❛❝❡ ❞❛*✳ ❖❜"❛❤✉❥❡ j❞❛❥ ♦ ❥❡❞♥♦*❝❡ ♠➙➦❡♥J❝❤ ❞❛* ✭❧✐*(②✱ ❦✐❧♦❣(❛♠②✱ ❲❛**②✱ ❛*❞✳✮✳ 7♦ *➙❝❤*♦

❜❛❥*❡❝❤ ♥N"❧❡❞✉❥❡ ❜❧♦❦ ✉➸✐✈❛*❡❧"❦J❝❤ ❞❛*✳ 7♦❦✉❞ ✉➸✐✈❛*❡❧"❦N ❞❛*❛ ③❛❜&(❛❥& ✈&❝❡ ♥❡➸ ❥❡❞❡♥ ❜❛❥*✱ ♠✉"& ❜J* ❞❧❡ ❬✸❪

"❡"*❛✈❡♥❛ *❛❦ ❛❜② ❜②❧ ♥❡❥♠E♥➙ ✈J③♥❛♠♥J ❜❛❥* ♣(✈♥&✳ 7♦❦✉❞ ❥❡ ✉➸✐✈❛*❡❧"❦J❝❤ ❞❛* ✈&❝❡ ♥❡➸ ✶✸ ❜❛❥*➲✱ ♦❞❡"&❧❛❥&

"❡ ✈ ❞❛❧➨&♠ ❜❧♦❦✉✳

Preambule Blok 1 Blok 2 Volitelné bloky Postambule

L C M A CRC

1 bajt 1 bajt 2 bajty 6 bajt 2 bajty

CI Data CRC

2 bajty15 bajt  nebo (((L-9) mod 16) - 1 ) bajt1 bajt

2 bajty

CRCData

16 bajt  nebo ((L-9) mod 16)) bajt

Formát paketu

Formát bloku 1

Formát bloku 2

Formát bloku( ) n

DIF

1 bajt

VIF

1 bajt

User Data

13 bajt  nebo (((L-9) mod 16) - 3 ) bajt

ID Version Device type

4 bajty 1 bajt 1 bajt

❖❜(N③❡❦ ✷✳✼✿ ❲✐(❡❧❡"" ▼✲❇✉" ❢(❛♠❡ ❢♦(♠❛* ❆

✶✼



◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

▼!❞② ❦♦♠✉♥✐❦❛❝❡ ♣.♦/♦❦♦❧✉ ❲✐.❡❧❡22 ▼✲❇✉2

❼ ❚✲♠B❞

❱ ♠B❞✉ ↔❛"*E❤♦ ✈②"&❧G♥&✭❚(❛♥"♠✐*✮ ✲ ❚ ♠B❞✉ ♠➙➦✐↔ "❛♠♦"*❛*♥➙ ♦❞❡"&❧G ❞❛*❛✳ ❇✉↕ ♣❡(✐♦❞✐❝❦② ❛ ♥❡❜♦ ❛♣❡(✐♦✲

❞✐❝❦② ✭❦❞②➸ ❥"♦✉ ❦ ❞✐"♣♦③✐❝✐✮✳ ▼B❞ ❚ "❡ ❞G❧❡ (♦③❞➙❧✉❥❡ ♥❛ ♠B❞② ❚✶ ❛ ❚✷✳ ▼B❞ ❚✶ ❥❡ ✉(↔❡♥ ♣(♦ ❥❡❞♥♦"♠➙(♥♦✉

❦♦♠✉♥✐❦❛❝✐ ❛ ♠B❞ ❚✷ ♣(♦ ♦❜♦✉"♠➙(♥♦✉ ❦♦♠✉♥✐❦❛❝✐✳ 7♦❦✉❞ ♠➙➦✐↔ ✈②"&❧G ✈ ♠B❞✉ ❚✶✱ ③♥❛♠❡♥G *♦✱ ➸❡ ♥❡✈②➸❛✲

❞✉❥❡ ♦❞ ♣➦&❥❡♠❝❡ ♣♦*✈(③❡♥& ♦ ♣➦✐❥❡*& (G♠❝❡✳ ❩ ❞➲✈♦❞✉ S"♣♦(② ❡♥❡(❣✐❡ "❡ ♦❜✈②❦❧❡ ♠➙➦✐↔ ♣♦ ❞❡"❧G♥& "✈U❝❤ ❞❛*

♣➦❡♣♥❡ ❞♦ S"♣♦(♥E❤♦ (❡➸✐♠✉✳ 7➦❡♥♦"♦✈G (②❝❤❧♦"* ❥❡ ♣(♦ ♠B❞ ❚✶ ✶✵✵ ❦❜✴" ❛ ♣♦✉➸&✈G "❡ ❦B❞♦✈G♥& ✸✲♦✉*✲♦❢✲✻✳

▼B❞ ❚✶ "❡ ✈②✉➸&✈G *❛♠✱ ❦❞❡ ❥"♦✉ ❞❛*❛ ♠➙➦❡♥❛ ✈ ↔❛"*U❝❤ ✐♥*❡(✈❛❧❡❝❤ ❛ ♣➦&♣❛❞♥U ✈U♣❛❞❡❦ ❞❛* ♥❡♠G ✈❧✐✈ ♥❛

♠➙➦❡♥&✳

❱ ♠B❞✉ ❚✷ ♠➙➦✐↔ ♣♦ ♦❞❡"❧G♥& (G♠❝❡ ❦(G*❦♦✉ ❞♦❜✉ ✈②↔❦G✈G ♥❛ ♣♦*✈(③❡♥& ♣➦✐❥❡*& ♦❞ ♣➦&❥❡♠❝❡✳ 7♦❦✉❞ ♠➙➦✐↔

♥❡♦❜❞(➸& ♦❞♣♦✈➙↕✱ ♣➦❡♣♥❡ "❡ ♣♦ ❞❡✜♥♦✈❛♥E♠ ↔❛"❡ ❞♦ S"♣♦(♥E❤♦ (❡➸✐♠✉✳ 7♦❦✉❞ ✈❡ "*❛♥♦✈❡♥E♠ ↔❛"❡ ♣➦&❥❡♠❝❡

♦❞♣♦✈&✱ ♥❛✈G➸❡ "❡ ♦❜♦✉"♠➙(♥G ❦♦♠✉♥✐❦❛❝❡ ♠❡③✐ ♠➙➦✐↔❡♠ ❛ ❦♦♥❝❡♥*(G*♦(❡♠✳ ▼➙➦✐↔ ✈ ♠B❞✉ ❚✷ ❦♦♠✉♥✐❦✉❥❡

" ♣➦&❥❡♠❝❡♠ "*❡❥♥♦✉ (②❝❤❧♦"*& ❛ ❦B❞♦✈G♥&♠ ❥❛❦♦ ✈ ♣➦&♣❛❞➙ ♠B❞✉ ❚✶✱ *❥✳ ✶✵✵❦❜✴" ❛ ✸✲♦✉*✲♦❢✲✻ ❦B❞♦✈G♥&✳

❱ ♦♣❛↔♥E♠ "♠➙(✉✱ *❥✳ ♣➦✐ ❦♦♠✉♥✐❦❛❝✐ ❦♦♥❝❡♥*(G*♦(✉ " ♠➙➦✐↔❡♠ ♣♦✉➸&✈G ❦♦♥❝❡♥*(G*♦( ❦B❞♦✈G♥& ▼❛♥❝❤❡"*❡( ❛

❞❛*♦✈♦✉ (②❝❤❧♦"* ✸✷✱✼✻✽ ❦❜✴"✳ ▼B❞ ❚✷ ♥❛❥❞❡ "✈E ✈②✉➸✐*& *❛♠✱ ❦❞❡ ③*(G*❛ ↔❛"*♦ ✈②"&❧❛♥U❝❤ ❞❛* ♠➲➸❡ ♦✈❧✐✈♥✐*

✈U"❧❡❞❡❦ ♠➙➦❡♥&✳

❼ ❘✲♠B❞

❱ ♠B❞✉ ↔❛"*E❤♦ ♣➦✐❥♠✉✱ ♥❡❜♦ *❛❦E ♠B❞✉ ✈U③✈②✭❘❡]✉❡"*✮ ❥❡ ❞❡✜♥♦✈G♥❛ ♣♦✉③❡ ♦❜♦✉"♠➙(♥G ❦♦♠✉♥✐❦❛❝❡✱ *✉❞&➸

❥❡ ❞❡✜♥♦✈G♥ ♣♦✉③❡ ♠B❞ ❘✷✳ ❱ *♦♠*♦ ♠B❞✉ ♠➙➦✐↔ "❛♠♦"*❛*♥➙ ③♠➙➦❡♥G ❞❛*❛ ♥❡♦❞❡"&❧G✱ ❛❧❡ ✈②↔❦G✈G ♥❛ ✈U③✈✉ ♦❞

❦♦♥❝❡♥*(G*♦(✉✳ ▼➙➦✐↔ "❡ ✈ ♣(❛✈✐❞❡❧♥U❝❤ ↔❛"♦✈U❝❤ ✐♥*❡(✈❛❧❡❝❤ ✏♣(♦❜♦✉③&✑ ③ S"♣♦(♥E❤♦ (❡➸✐♠✉ ❛ ♦↔❡❦G✈G ✇❛❦❡✲

✉♣ (G♠❡❝✳ ❱ ♣➦&♣❛❞➙✱ ➸❡ ❦♦♥❝❡*(G*♦( ♦❞❡"&❧G ✇❛❦❡✲✉♣ (G♠❡❝ ❛ ♠➙➦✐↔ ❤♦ ③❛③♥❛♠❡♥G✱ ♥❛✈G➸❡ "❡ ♦❜♦✉"♠➙(♥G

❦♦♠✉♥✐❦❛❝❡ ♠❡③✐ ♠➙➦✐↔❡♠ ❛ ❦♦♥❝❡♥*(G*♦(❡♠✳ 7♦❦✉❞ ♥❡♥& ♣➦✐❥❛* ➸G❞♥U✱ ♥❡❜♦ ❥❡ ♣➦✐❥❛* ♥❡✈❛❧✐❞♥& ✇❛❦❡✲✉♣ (G♠❡❝✱

♠➙➦✐↔ "❡ ♣➦❡♣♥❡ ③♣➙* ❞♦ S"♣♦(♥E❤♦ (❡➸✐♠✉✳ ▼B❞ ❘✷ "❡ ♠➲➸❡ ♣♦✉➸&* *❛♠✱ ❦❞❡ ❥❡ ❦❧❛❞❡♥ ✈❡❧❦U ❞➲(❛③ ♥❛ S"♣♦(✉

❡♥❡(❣✐❡✱ ♣(♦*♦➸❡ ✈➙*➨✐♥❛ (G❞✐♦✈U❝❤ ♠♦❞✉❧➲ "♣♦*➦❡❜✉❥❡ ♣➦✐ ♣➦✐❥♠✉ ♣♦❞"*❛♥➙ ♠E♥➙ ❡♥❡(❣✐❡✱ ♥❡➸ ♣➦✐ ✈②"&❧G♥&✳

❼ ❙✲♠B❞

▼B❞ ❙ ✭❙*❛*✐♦♥❛(②✮ ❥❡ ✉(↔❡♥ ♣♦❞♦❜♥➙ ❥❛❦♦ ♠B❞ ❚ ♣(♦ ❥❡❞♥♦"♠➙(♥♦✉ ✭❙✶✮ ♥❡❜♦ ♦❜♦✉"♠➙(♥♦✉ ✭❙✷✮ ❦♦♠✉✲

♥✐❦❛❝✐ ♠❡③✐ ♣❡✈♥U♠✐ ♥❡❜♦ ♠♦❜✐❧♥&♠✐ ③❛➦&③❡♥&♠✐✳ ❈❤✐♣ (❛*❡

✹

❥❡ ♣(♦ *❡♥*♦ ♠B❞ ✸✷✱✼✻✽ ❦❝♣"✳ 7(♦ ♦♣❡(❛↔♥&

♠B❞ ❙ ❥"♦✉ ❞❡✜♥♦✈G♥② *➦✐ "✉❜♠B❞②✿ ❙✶✱ ❙✶✲♠ ❛ ❙✷✳ ❙✉❜♠B❞ ❙✶ ❧③❡ ♣♦✉➸&* ♣(♦ ❥❡❞♥♦"♠➙(♥♦✉ ❦♦♠✉♥✐❦❛❝✐

♥❡✈②➸❛❞✉❥&❝& ♣♦*✈(③❡♥& ♦ ♣➦✐❥❡*& (G♠❝❡ ❛ ❥❡ ✉(↔❡♥ ♣(♦ ❛♣❧✐❦❛❝❡✱ ❦❞② "❡ ✈②"&❧G ♥➙❦♦❧✐❦(G* ③❛ ❞❡♥ ❦❡ "*❛*✐❝❦E♠✉

♣➦✐❥&♠❛↔✐✳ ❚❛❦♦✈U♠ S❞❛❥❡♠ ♠➲➸❡ ❜U* ♥❛♣➦&❦❧❛❞ "*❛✈ ✈♦❞♦♠➙(✉✱ ✉ ❦*❡(E❤♦ ♥❡♣➦❡❞♣♦❦❧G❞G♠❡ ✈❡❧❦E ③♠➙♥②

"*❛✈✉ ♠❡③✐ ❥❡❞♥♦*❧✐✈U♠✐ ♠➙➦❡♥&♠✐✳ ❙✉❜♠B❞ ❙✶ ♣♦✉➸&✈G ❞❧♦✉❤♦✉ ♣(❡❛♠❜✉❧✐✱ ③❛*&♠❝♦ "✉❜♠B❞② ❙✶✲♠ ❛ ❙✷

♣♦✉➸&✈❛❥& ♣(❡❛♠❜✉❧✐ ❦(G*❦♦✉✳ ❱➨❡❝❤♥② ❙ ♠B❞② ♣♦✉➸&✈❛❥& ❦B❞♦✈G♥& ▼❛♥❝❤❡"*❡(✳

✹

❈❤✐♣ $❛&❡ ✲ ♣➦❡♥♦,♦✈. $②❝❤❧♦,& ③❛❦4❞♦✈❛♥6❝❤ ❞❛&❀ 8➦✐ ♣♦✉➸✐&; ❦4❞♦✈.♥; ▼❛♥❝❤❡,&❡$ ❥❡ ❞❛&♦✈. $②❝❤❧♦,& ♣♦❧♦✈✐↔♥;✱ ♣➦✐ ✸✲♦✉&✲♦❢✲✻

❥❡ ❞❛&♦✈. $②❝❤❧♦,& ✷✴✸&✐♥♦✈. ♦♣$♦&✐ $②❝❤❧♦,&✐ ♣➦❡♥♦,✉ ③❛❦4❞♦✈❛♥6❝❤ ❞❛&✳

✶✽



◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

❖❜(C③❡❦ ✷✳✽✿ ❚②♣② ♣➦❡♥♦"✉

✷✳✸✳✸ ❆♣❧✐❦❛↔♥+ ✈-./✈❛ ❲✐-❡❧❡.. ▼✲❇✉.

❱➨❡❝❤♥② *❡❧❡❣(❛♠② ❛♣❧✐❦❛↔♥& ✈("*✈② ♠❛❥& ♣(♦♠➙♥♥♦✉ ❞O❧❦✉✳ ■♥❢♦(♠❛❝❡ ♦ ❞O❧❝❡ (C♠❝❡ ❥❡ "♦✉↔C"*& ❧✐♥❦♦✈O ✈("*✈②✳

❚❛*♦ ✐♥❢♦(♠❛❝❡ ❜② ♠➙❧❛ ❜R* ③♥C♠❛ ❛♣❧✐❦❛↔♥& ✈("*✈➙ ③ ❞➲✈♦❞✉ "♣(C✈♥O❤♦ ❞❡❦T❞♦✈C♥& ❦❛➸❞O❤♦ *❡❧❡❣(❛♠✉✳ ❑❛➸❞R

*❡❧❡❣(❛♠ ③❛↔&♥C ❥❡❞♥&♠ ❜❛❥*❡♠ ❈■ ✱ ❦*❡(R (♦③❧✐➨✉❥❡ ♠❡③✐ (➲③♥R♠✐ *②♣② *❡❧❡❣(❛♠✉ ❛ ❛♣❧✐❦❛↔♥&♠✐ ❢✉♥❦❝❡♠✐✳

❱R③♥❛♠ ③❜R✈❛❥&❝&❝❤ ❜❛❥*➲ *❡❧❡❣(❛♠✉✱ ♥❛"❧❡❞✉❥&❝&❝❤ ③❛ ♣♦❧❡♠ ❈■✱ ③C❧❡➸& *❛❦O ♥❛ ❤♦❞♥♦*➙ "❛♠♦*♥O❤♦ ♣♦❧❡ ❈■✳

❉❧❡ ❤♦❞♥♦*② ❈■ ♠➲➸❡♠❡ "♣❡❝✐✜❦♦✈❛* ❤❧❛✈✐↔❦✉ ❞❛* ❥❛❦♦ ✹ ❜❛❥*♦✈♦✉✱ ✶✷ ❜❛❥*♦✈♦✉✱ ♥❡❜♦ "❡ ♠➲➸❡ ❤❧❛✈✐↔❦❛ \♣❧♥➙

✈②♥❡❝❤❛*✳

❇❧♦❦ ❱■❇ ✭❱❛❧✉❡ ■♥❢♦(♠❛*✐♦♥ ❇❧♦❝❦✮ ✉❞C✈C ❢♦(♠C* ✉❧♦➸❡♥R❝❤ ❞❛* ❉■❋✭❉❛*❛ ■❞❡♥*✐✜❝❛*✐♦♥ ❋✐❡❧❞✮ ❛ \❞❛❥

♦ ❥❡❞♥♦*❝❡ ③♠➙➦❡♥O ❤♦❞♥♦*② ❱■❋✭❱❛❧✉❡ ■♥❢♦(♠❛*✐♦♥ ❋✐❧❡❞✮✳ ❇❧♦❦ ❱■❇ ♠C ♠✐♥✐♠C❧♥➙ ❞✈❛ ❜❛❥*② ❛ ❥❡❤♦ ✈❡❧✐❦♦"*

③C❧❡➸& ♥❛ *♦♠✱ ❥❡✲❧✐ ♥❡❥✈②➨➨& ❜✐* ♣♦❧& ❱■❋ ❛ ❉■❋ ✈ ❧♦❣✳ ✶✳ ◆❛"*❛✈❡♥&♠ ♥❡❥✈②➨➨&❤♦ ❜✐*✉ "❡ "✐❣♥❛❧✐③✉❥❡✱ ➸❡ ✈ ❞❛*♦✈O

"*(✉❦*✉➦❡ ❜✉❞♦✉ ♣♦✉➸✐*❛ (♦③➨✐➦✉❥&❝& ♣♦❧❡ ❉■❋❊✭❉■❋ ❊①*❡♥❞❡❞✮❬✶ ❜❛❥*❪ ❛ ❱■❋❊✭❱■❋ ❊①*❡♥❞❡❞✮❬✶ ❜❛❥*❪✳ 7♦↔❡*

♥C"❧❡❞✉❥&❝&❝❤ (♦③➨✐➦✉❥&❝&❝❤ ♣♦❧& ③C✈✐"& ♥❛ ♥❡❥✈②➨➨&♠ ❜✐*✉ ♣➦❡❞❝❤C③❡❥&❝&❤♦ ❜❛❥*✉✳

7♦ ❜❧♦❦✉ ❱■❇ ♥C"❧❡❞✉❥❡ ✈♦❧✐*❡❧♥C ❤❧❛✈✐↔❦❛ ✈R(♦❜❝❡ ✲ ♣♦❦✉❞ ❥❡ ♣♦*➦❡❜❛ ♦❞❡"❧❛* "♣❡❝✐✜❝❦C ❞❛*❛ ✈R(♦❜❝❡✱ ♠C

*❛*♦ ❤❧❛✈✐↔❦❛ ❤♦❞♥♦*✉ ✵①✵❋✱ ♥❡❜♦ ✵①✶❋✳ ❱ *♦♠*♦ ♣➦&♣❛❞➙ ♥C"❧❡❞✉❥& *❛*♦ "♣❡❝✐✜❝❦C ❞❛*❛✳ ❱ ♦♣❛↔♥O♠ ♣➦&♣❛❞➙

❜② *❛*♦ ❤❧❛✈✐↔❦❛ ♠➙❧❛ ❜R* ✈②♥❡❝❤C♥❛✳

7♦❧❡ ✉➸✐✈❛*❡❧"❦R❝❤ ❞❛* ♦❜"❛❤✉❥❡ ❞❛*❛ ✉❧♦➸❡♥❛ *❛❦ ❛ ✈ *❛❦♦✈R❝❤ ❥❡❞♥♦*❦C❝❤✱ ❥❛❦ ❥❡ "♣❡❝✐✜❦♦✈C♥♦ ✈❡ ❱■❇✳

❚❛❜✉❧❦❛ ✷✳✹✿ ❉❛*♦✈C "*(✉❦*✉(❛ ❛♣❧✐❦❛↔♥& ✈("*✈② ♦❞♣♦✈➙❞✐ ♠➙➦✐↔❡

❍❧❛✈✐↔❦❛ ❞❛* ❱■❇ ❍❧❛✈✐↔❦❛ ❞❛* ✈R(♦❜❝❡ ❯➸✐✈❛*❡❧"❦C ❞❛*❛ ✈R(♦❜❝❡

✵✱ ✹ ♥❡❜♦ ✶✷❜❛❥*➲ ♠✐♥✳ ✷ ❜❛❥*② ✵ ♥❡❜♦ ✶ ❜❛❥* ♥ ❜❛❥*➲

✶✾



◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

✷✳✸✳✹ ◆%&♦❦② ③ ❤❧❡❞✐0❦❛ ❧❡❣✐0❧❛3✐✈② ❛ ❊▼❈

❱ ❣❧♦❜C❧♥&♠ ❦♦♥*❡①*✉ ➦❡➨& ♣♦➸❛❞❛✈❦② ♥❛ (C❞✐♦✈C ③❛➦&③❡♥& ♦(❣❛♥✐③❛❝❡ ■❚❯✱ ❦♦♥❦(M*♥➙ "❡❦*♦( ■❚❯✲❘✳ ❱ (C♠❝✐

❡✈(♦♣"❦M❤♦ "♣♦❧❡↔❡♥"*✈& "♣❛❞❛❥& *②*♦ ♣♦➸❛❞❛✈❦② ♣♦❞ ❡✈(♦♣"❦♦✉ ♦(❣❛♥✐③❛❝✐ ❈❊7❚ ❛ ❥❡❥& ✈U❜♦( ♣(♦ ❡❧❡❦*(♦♥✐❝✲

❦♦✉ ❦♦♠✉♥✐❦❛❝✐ ❊❈❈✳ ◆❛ ✈③♥✐❦✉ ❡✈(♦♣"❦U❝❤ ♥♦(❡♠ ❊◆ "❡ ♣♦❞&❧& ❊❈❈ ✈❡ "♣♦❧✉♣(C❝✐ " ❊❚❙■✳ 7♦ ✈②❞C♥& ♥♦✈M

❡✈(♦♣"❦M ♥♦(♠② ♣➦✐❝❤C③& ♣(♦❝❡" ❤❛(♠♦♥✐③❛❝❡ " ♥♦(♠❛♠✐ ↔❧❡♥"❦U❝❤ "*C*➲ ❊✈(♦♣"❦M ✉♥✐❡✳ ❷❡"❦M ♥♦(♠② ❷❙◆ ✉

♥C" "♣(❛✈✉❥❡ ❛ ✈②❞C✈C X◆▼❩✳ ❷❙◆ ❊◆ ✶✸✼✺✼ ❥❡ ❤❛(♠♦♥✐③♦✈❛♥C ❡✈(♦♣"❦C ♥♦(♠❛ ♣(♦ ❲✐(❡❧❡"" ▼✲❇✉"✳

❏❛❦ ❥✐➸ ❜②❧♦ ③♠&♥➙♥♦ ❲✐(❡❧❡"" ▼✲❇✉" ♣(❛❝✉❥❡ ✈ ❜❡③❧✐❝❡♥↔♥&♠ ♣C"♠✉ ✽✻✽✱✸ ▼❍③✱ ♥✐❝♠M♥➙ ■❚❯✲❘ ♣C"♠♦

✽✻✽✱✸ ▼❍③ ♥❡❞❡✜♥✉❥❡ ✭✈✐③✳ ❚❛❜✳✻✳✶✮✱ ♣(♦*♦ ❥❡ ♣(♦✈♦③ *❛❦♦✈M❤♦*♦ ③❛➦&③❡♥& ♠✐♠♦ ❡✈(♦♣"❦M "♣♦❧❡↔❡♥"*✈& ✈②❧♦✉✲

↔❡♥✳ ❱ ❡✈(♦♣"❦M♠ "♣♦❧❡↔❡♥"*✈& "❡ ♣(♦✈♦③ (C❞✐♦✈U❝❤ ③❛➦&③❡♥&❝❤ ❛ *❡❧❡❦♦♠✉♥✐❦❛↔♥&❝❤ ❦♦♥❝♦✈U❝❤ ③❛➦&③❡♥&❝❤ ➦&❞&

❞✐(❡❦*✐✈♦✉ ❊✈(♦♣"❦M ❦♦♠✐"❡ ❘❚❚❊ ✶✾✾✾✴✺✴❊❈✱ ❦*❡(C ❥❡ ♥❛ (♦③❞&❧ ♦❞ ♥♦(❡♠ ❊◆ ③C✈❛③♥C✳ X"❡❦ ✽✻✽✕✽✻✾✱✸ ▼❍③

❧③❡ ✈②✉➸&✈❛* ✈ "♦✉❧❛❞✉ " (♦③❤♦❞♥✉*&♠ ❦♦♠✐"❡

✺

❛ ❞♦♣♦(✉↔❡♥&♠ ❈❊7❚

✻

"*❛♥✐❝❡♠✐ ❦(C*❦M❤♦ ❞♦"❛❤✉✳

❩ ❤❧❡❞✐"❦❛ ❊▼❈ ♠✉"& ③❛➦&③❡♥& ✈②❤♦✈➙* "*❛♥❞❛(❞✉ ❷❙◆ ❊❚❙■ ❊◆ ✸✵✵ ✷✷✵✲✶✱ ❥❡➸ ♣(♦ ♣C"♠♦ ✽✻✽✱✵ ❛➸

✽✻✽✱✻ ▼❍③ "*❛♥♦✈✉❥❡ ♠❛①✐♠C❧♥& ✈②③C➦❡♥U ✈U❦♦♥✭❊❘7✮ ✷✺ ♠❲❬✶✶❪✳

❑♦♥❦(M*♥& ♣♦❞♠&♥❦② ✈②✉➸&✈C♥& (C❞✐♦✈U❝❤ ❦♠✐*♦↔*➲✱ ✈↔❡*♥➙ *❡❝❤♥✐❝❦U❝❤ ♣❛(❛♠❡*(➲✱ ❥"♦✉ "*❛♥♦✈❡♥② ✈➨❡♦✲

❜❡❝♥U♠ ♦♣(C✈♥➙♥&♠

✼

✱ ❦*❡(M ✈②❞C✈C ♠&"*♥& "♣(C✈❝❡ ❦♠✐*♦↔*♦✈M *❛❜✉❧❦②

✽

✳

��� ��� ���
�����

����� ����� 	
����

������

����� ��������

����� ������ �������

��
���

��
���

���

�����

������
������

������
� !�����

!"#$$�%
�&#'($)

���
*�
 
+,�$-
.���

%(�(/
���
%(�(/0 ���
%(�(/0

��
*�
 
�
*#$,%�12

&,3��
���
%(�(/0

.0/4
!4'%�

���5

$�6�
7��

�5

$�6�
7��

���5

$�6�
7��

��5

$�6�
7�� ���5


❋✐❣✉(❡ ✷✳✾✿ 7C"♠♦ ✽✻✽ ▼❍③ ❞❧❡ ❊◆ ✸✵✵ ✷✷✵✲✷ ❱✷✳✸✳✶

✺

❘♦③❤♦❞♥✉'( ❦♦♠✐,❡ ③❡ ❞♥❡ ✸✵✳ ↔❡2✈♥❛ ✷✵✶✵✱ ❦'❡28♠ ,❡ ♠➙♥( 2♦③❤♦❞♥✉'( ✷✵✵✻✴✼✼✶✴❊❙ ♦ ❤❛2♠♦♥✐③❛❝✐ 2@❞✐♦✈A❤♦ ,♣❡❦'2❛ ♣2♦

③❛➦(③❡♥( ❦2@'❦A❤♦ ❞♦,❛❤✉✳

✻

❉♦♣♦2✉↔❡♥( ❈❊F❚✴❊❘❈✴❘❊❈ ✼✵✲✵✸ ✕ ❱②✉➸(✈@♥( ③❛➦(③❡♥( , ❦2@'❦8♠ ❞♦,❛❤❡♠ ❬❘❡❧❛'✐♥❣ '♦ '❤❡ ✉,❡ ♦❢ ❙❤♦2' ❘❛♥❣❡ ❉❡✈✐❝❡,

✭❙❘❉✮❪✳

✼

❱➨❡♦❜❡❝♥A ♦♣2@✈♥➙♥( ↔✳ ❱❖✕❘✴✶✵✴✵✾✳✷✵✶✵✲✶✶ ❦ ✈②✉➸(✈@♥( 2@❞✐♦✈8❝❤ ❦♠✐'♦↔'➲ ❛ ❦ ♣2♦✈♦③♦✈@♥( ✈②,(❧❛❝(❝❤ 2@❞✐♦✈8❝❤ ③❛➦(③❡♥(

❦2@'❦A❤♦ ❞♦,❛❤✉✳

✽

✉ ♥@, ❷❚Z

✷✵



◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

✷✳✸✳✺ $%❛❦(✐❝❦+ ❛♣❧✐❦❛❝❡ ❲✐%❡❧❡00 ▼✲❇✉0

❏✐➸ ✈ (♦❝❡ ✷✵✶✵ ♣➦❡❞"*❛✈✐❧❛ "❦✉♣✐♥❛ ❷❊❩ "✈➲❥ ♣✐❧♦*♥& ♣(♦❥❡❦* ✐♥*❡❧✐❣❡♥*♥&❝❤ ♦❞❡↔*➲ ③ ♠➙➦✐↔➲ ❡♥❡(❣✐& ✈ ♠✐❦✲

(♦(❡❣✐♦♥✉ ❱(❝❤❧❛❜&✳ ❱(❝❤❧❛❜& ❜②❧♦ ③✈♦❧❡♥♦ ♣(♦*♦✱ ➸❡ ♠O ♣(♦ ③O♠➙(② ③❦✉➨❡❜♥&❤♦ ♣(♦❥❡❦*✉ ✈❤♦❞♥♦✉ ✈❡❧✐❦♦"*✱

❡①✐"*✉❥& ③❞❡ ③❛♣♦❥✐*❡❧♥R ♦❜♥♦✈✐*❡❧♥R ③❞(♦❥❡ ❡♥❡(❣✐❡ ✐ ♠♦➸♥♦"* ✈②❜✉❞♦✈O♥& ♥➙❦♦❧✐❦❛ ❥❡❞♥♦*❡❦ ❦♦♠❜✐♥♦✈❛♥R

✈S(♦❜② ❡❧❡❦*➦✐♥② ❛ *❡♣❧❛✳ ❱ (O♠❝✐ ♣(♦❥❡❦*✉ ③❛♣♦❥✉❥❡ ❷❊❩ ❝❤②*(R ❡❧❡❦*(♦♠➙(② ✭❙♠❛(* ▼❡*❡("✮✱ ❛ *② "❡ *❛❦

"*O✈❛❥& "♦✉↔O"*& ❦♦♥❝❡♣*✉ *③✈✳ ❝❤②*(S❝❤ "&*& ✭❙♠❛(* ●(✐❞"✮✳ ■♥*❡❧✐❣❡♥*♥& ❡❧❡❦*(♦♠➙(② ♠➙➦& "*❡❥♥➙ ❥❛❦♦ ❦❧❛"✐❝❦R

❡❧❡❦*(♦♠➙(② "♣♦*➦❡❜✉ ♣(➲❜➙➸♥➙✱ ❛❧❡ ❦❛➸❞S❝❤ ✶✺ ♠✐♥✉* ✉❦❧O❞❛❥& ❞❛*❛ ♦ ❦✈❛❧✐*➙ ❞♦❞O✈❦②✿ ♣♦❞♣➙*&✱ ♣➦❡♣➙*& ❛ ❦♦✲

❧&"O♥& ❢(❡❦✈❡♥❝❡✳ ❚❛❦R ③❛③♥❛♠❡♥O✈❛❥& ❝✐③& ③O"❛❤ ❞♦ ❦♦♥"*(✉❦❝❡ ❡❧❡❦*(♦♠➙(✉✳ ❩&"❦❛♥O ❞❛*❛ ③ ❡❧❡❦*(♦♠➙(➲ "❧♦✉➸&

❥❛❦ ❦♦♥❝♦✈R♠✉ ③O❦❛③♥&❦♦✈✐✱ ❦*❡(S ♠➲➸❡ ♣➦✐③♣➲"♦❜✐* "✈♦✉ "♣♦*➦❡❜✉ ❡♥❡(❣✐❡✱ *❛❦ ✐ ✈S(♦❜❝➲♠ ❡♥❡(❣✐❡✱ ❦*❡(S♠

✉♠♦➸♥& ♦♣*✐♠❛❧✐③♦✈❛* "♣♦*➦❡❜✉ ❛ ✈S(♦❜✉ ❡❧❡❦*(✐❝❦R ❡♥❡(❣✐❡✳ ◆O❦❧❛❞② ③❛ ♦❞❡❜(❛♥♦✉ ❡❧❡❦*➦✐♥✉ "❡ ♠♦❤♦✉ ❞&❦②

❧❡♣➨&♠✉ ♣➦❡❤❧❡❞✉ ♦ "♣♦*➦❡❜➙ ❡♥❡(❣✐❡ "♥&➸✐*✳ ❈❤②*(S ❡❧❡❦*(♦♠➙( "❡ ❞O ♣➦✐(♦✈♥❛* ❦ ✐♥*❡❧✐❣❡♥*♥&♠✉ ❍❉❖✱ ❦*❡(R

❥❡ "❝❤♦♣♥R "♣&♥❛* ♣♦❞❧❡ ✈&❝❡ *❛(✐❢➲ ❛ ❧③❡ ♣♦✉➸&* ♥❛♣➦✳ ♣(♦ "♣&♥O♥& ❛❦✉♠✉❧❛↔♥&❝❤ ❦❛♠❡♥✱ ❜♦❥❧❡(➲ ♥❡❜♦ ✈ ❞♥❡➨♥&

❞♦❜➙ ♥❛❜&❥❡♥& ❡❧❡❦*(♦♠♦❜✐❧➲ ✈❡ ✈❤♦❞♥S ↔❛"✳ ❚❡"*♦✈❛❝& ♣(♦❥❡❦* ❱(❝❤❧❛❜& ♣♦❜➙➸& ❞♦ (♦❦✉ ✷✵✶✺✳

❙ (♦③✈♦❥❡♠ ✐♥*❡❧✐❣❡♥*♥&❝❤ "&*& "❡ ♦❜❥❡✈✉❥& ➦❡➨❡♥& ♣(♦ ✐♥*❡❧✐❣❡♥*♥& ❞♦♠O❝♥♦"*✐✱ ❥❡❞♥&♠ ③ *❛❦♦✈S❝❤ ➦❡➨❡♥&

♠➲➸❡ ❜S* ➦❡➨❡♥& ♦❞ ▲❛♥❞✐"✰●②(✳ ■♥*❡❧✐❣❡♥*♥& ❡❧❡❦*(♦♠➙( ▲❛♥❞✐"✰●②( ❛ ③♦❜(❛③♦✈❛❝& ♣❛♥❡❧ ❡❝♦▼❡*❡( 7✺✸✵

♠➲➸❡*❡ ✈✐❞➙* ♥❛ ♦❜(O③❦✉✷✳✶✵✳

❖❜(O③❡❦ ✷✳✶✵✿ ■♥*❡❧✐❣❡♥*♥& ❡❧❡❦*(♦♠➙( ▲❛♥❞✐"✰●②( ➦❛❞② ❊✸✺✵ ✭✈❧❡✈♦✮ ❛ ▲❛♥❞✐"✰●②( ❡❝♦▼❡*❡( 7✸✺✵ ✭✈♣(❛✈♦✮

✷✶
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✸ ■♠♣❧❡♠❡♥'❛❝❡ ❲✐,❡❧❡-- ▼✲❇✉- ✭❲▼✲❇✉-✮ ♥❛ ♣❧❛'❢♦,♠➙ ❚❡①❛- ■♥✲

-',✉♠❡♥'-

✸✳✶ ◆$✈&❤ ➦❡➨❡♥,

7(♦*♦➸❡ ✈➙*➨✐♥❛ ♠➙➦✐↔➲ ❡❧❡❦➦✐♥② ♠G ❛♥❛❧♦❣♦✈I ✈I"*✉♣ ✵ ❛➸ ✺❱✱ (♦③❤♦❞❧ ❥"❡♠ "❡ ✈②✉➸&* ✐♥*❡❣(♦✈❛♥I ♣➦❡✈♦❞♥&❦

♥❛ ✈I✈♦❥♦✈N ❞❡"❝❡ ▼❙7✹✸✵❋✺✹✸✽❛✳ ■♥*❡❣(♦✈❛♥I ✶✷✲*✐ ❜✐*♦✈I ♣➦❡✈♦❞♥&❦ ✈I✈♦❥♦✈N ❞❡"❦② ♣♦✉➸&✈G (❡❢❡(❡♥↔♥&

♥❛♣➙*& ✶✳✺❱✱ ❥❡➸ ❥❡ ❣❡♥❡(♦✈G♥♦ ✈♥✐*➦♥& ♥❛♣➙➫♦✈♦✉ (❡❢❡(❡♥❝&✳ ❍♦❞♥♦*❛ ③ ❆✴❉ ♣➦❡✈♦❞♥&❦✉ ❥❡ ③❛♣♦✉③❞➦❡♥❛ ❞♦

(G♠❝❡ ♣(♦*♦❦♦❧✉ ▼✲❇✉"✳ ❘G♠❡❝ ▼✲❇✉" ❥❡ ❞G❧❡ ③❛♣♦✉③❞➦❡♥ ❞♦ ♣❛❦❡*✉ ❲✐(❡❧❡"" ▼✲❇✉" ❛ ♦❞❡"❧G♥ (G❞✐♦✈I♠

(♦③❤(❛♥&♠ ❈❈✶✶✵✶ ❞♦ ♣(♦"*♦(✉✳

7➦✐❥&♠❛❝& *(❛♥"❝❡✐✈❡( ♥❛"❧♦✉❝❤G ❛ ♦↔❡❦G✈G "②♥❝❤(♦♥✐③❛↔♥& "❧♦✈♦✳ 7♦ ❥❡❤♦ ♣➦✐❥❡*& ❥"♦✉ ♣➦❡↔*❡♥❛ ❞❛*❛ ③ ❘❳✲

❋■❋❖ ↔✐♣✉ ❈❈✶✶✵✶ ❛ ❞G❧❡ ③♣(❛❝♦✈G♥❛ ♠✐❦(♦❦♦♥*(♦❧N(❡♠✳ 7♦ ❡①*(❛❦❝✐ ❞❛* ③ ♣❛❦❡*✉ ❲✐(❡❧❡"" ▼✲❇✉" ❛ ♣♦*N ③

(G♠❝❡ ▼✲❇✉" ❥"♦✉ ♣➦✐❥❛*G ❞❛*❛ ③♦❜(❛③❡♥❛ ♥❛ ▲❈❉✳

SPI
CC1101

Wireless M-Bus

CC1101
SPIMSP430F5438a

Experimenter
BoardA

D
C

R

R

Vin

0~5V

MSP430FG4618
Experimenter

Board

LCD Console

Sub 1GHz Wireless

2.4 GHz Wireless

CC2520 CC2520

GPIO GPIO

SMART POWER METER

❖❜"#③❡❦ ✸✳✶✿ ❍❲ ➦❡➨❡♥0 ❜❡③❞"#2♦✈5❤♦ 7♣♦❥❡

✸✳✷ ❘❡❛❧✐③❛❝❡

✸✳✷✳✶ ◆❛&'❛✈❡♥+ ,-❞✐♦✈1❤♦ ,♦③❤,❛♥+ ❞❧❡ ❷❙◆ ❊◆✶✸✼✺✼✲✹ ♥❛ ↔✐♣✉ ❈❈✶✶✵✶

❩-❦❧❛❞♥+ ♣❛,❛♠❡',② ,-❞✐♦✈1❤♦ ,♦③❤,❛♥+ :"❛❝♦✈♥0 ❢"❡❦✈❡♥❝✐ ✈♦❧0♠ ❝♦ ♥❡❥❜❧0➸❡ ❢"❡❦✈❡♥❝✐ ③ 2❛❜✳ ✻✳✷✱ 2❥✳ ♣"♦

❙ ♠F❞ ✽✻✽✳✷✾✾✵✻✻ ▼❍③ ❛ ♣"♦ ❚ ♠F❞ ✽✻✽✳✾✹✾✼✵✼ ▼❍③✳ :"♦ ♦❜❛ ♠F❞② ❲✐"❡❧❡77 ▼✲❇✉7 ❥❡ ♣♦✉➸✐2❛ ❢"❡❦✈❡♥↔♥0

♠♦❞✉❧❛❝❡ ✷✲❋❙❑✳ ❉❛2♦✈# "②❝❤❧♦72 ❥❡ ♥❛72❛✈❡♥❛ ♣"♦ ❙ ♠F❞ ♥❛ ✸✷✳✼✸✵✶ ❦❇❛✉❞ ❛ ♣"♦ ❚ ♠F❞ ✶✵✵ ❦❇❛✉❞✳ ❉#❧❡

❥7♦✉ ✉✈❡❞❡♥② ♣❛"❛♠❡2"②✱ ❦2❡"5 ❥❡ ♥✉2♥♦ ✈②♣♦↔02❛2✳

➆+➦❦❛ ♣-&♠❛ ✜❧',✉ ♣➦✐❥+♠❛↔❡ ❩ ❞➲✈♦❞✉ 2♦❧❡"❛♥❝0 ✈X72✉♣♥0 ❢"❡❦✈❡♥❝❡ ♥❛ ✈②70❧❛❝0 72"❛♥➙ ❥❡ ♥❛72❛✈❡♥0 ➨0➦❦②

♣#7♠❛ ✜❧2"✉ ♥❛ ♣➦✐❥0♠❛❝0 72"❛♥➙ ✈❡❧♠✐ ❞➲❧❡➸✐25✳ :♦❦✉❞ ❥❡ ➨0➦❦❛ ♣#7♠❛ ♠❛❧#✱ ✈②✜❧2"✉❥❡♠❡ 7✐ ✉➸✐2❡↔♥X 7✐❣♥#❧✱

♣♦❦✉❞ ❥❡ ♥❛♦♣❛❦ ➨0➦❦❛ ♣#7♠❛ ♣➦0❧✐➨ ✈❡❧❦#✱ 7♥✐➸✉❥❡ 7❡ ❝✐2❧✐✈♦72 ♣➦✐❥0♠❛↔❡✳ :♦➸❛❞♦✈❛♥♦✉ ➨0➦❦✉ ♣#7♠❛ ♣"♦ ♠♦❞✉❧❛❝✐

✷✲❋❙❑ ❧③❡ ✉↔✐2 ❈❛"❧7♦♥♦✈X♠ ♣"❛✈✐❞❧❡♠ ✸✳✶✱ ❦❞❡ ∆f ❥❡ ❢"❡❦✈❡♥↔♥0 ③❞✈✐❤ ❛ fMOD ❥❡ ❢"❡❦✈❡♥❝❡ ♠♦❞✉❧♦✈❛♥5❤♦

7✐❣♥#❧✉ ✭♣"♦ ◆❘❩ ♣➦❡♥♦7♦✈# "②❝❤❧♦72

fp = 2 ∗ fmod)BWFSK❂2 ∗ (∆f✰fmod) ✭✸✳✶✮

:"♦ ❙✲♠F❞✿ BWFSK
=
S−MODE❂2 ∗ (∆f✰fmod) = 2 ∗ (80kHz + 33kHz

2
)❂193kHz✳

:"♦ ❚✲♠F❞✿ BWFSK
=
T−MODE❂2 ∗ (∆f✰fmod) = 2 ∗ (80kHz + 100kHz

2
)❂260kHz✳

:♦➸❛❞♦✈❛♥♦✉ ➨0➦❦✉ ♣#7♠❛ ♣❛❦ ✈②♣♦↔02#♠❡ ❞❧❡ ✈③2❛❤✉ ✸✳✷✳

BWRX =
BWFSKmax

+ 2 ∗ fdriftmax

0, 8
✭✸✳✷✮

:"♦ ❙✲♠F❞✿ BWRX
=
S−MODE❂

BWFSK
=

S−MODE

0,8

.
= 241kHz✳

✷✷
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7(♦ ❚✲♠B❞✿ BWRX
=
T−MODE❂

BWFSK
=

T−MODE

0,8

.
= 325kHz✳

❑♦♠♣❡♥③❛❝❡ ❞*✐❢-✉ ❛ ♦✛0❡-✉ ❢*❡❦✈❡♥❝❡ ❋(❡❦✈❡♥↔♥& ❞(✐❢* ❥❡ ❞K♥ ③❡❥♠L♥❛ ♥❡♣➦❡"♥♦"*& (❡❢❡(❡♥↔♥&❤♦ ❦(②"✲

*❛❧✉ ✈②"&❧❛❝& "*(❛♥②✳ ▼❛①✐♠K❧♥& ❞♦✈♦❧❡♥K *♦❧❡(❛♥❝❡ ❦(②"*❛❧✉ ❥❡ ± ✷✺ ♣♣♠✱ ❝♦➸ ❞K✈K ❢(❡❦✈❡♥↔♥& ❞(✐❢* ± ✷✺ ♣♣♠✳

7♦❦✉❞ ❥❡ ♣♦✈♦❧❡♥❛ ❦♦♠♣❡♥③❛❝❡ ♦✛"❡*✉ ✈"*✉♣♥& ✜❧*( ✈ ♣➦✐❥&♠❛↔✐ ❥❡ ♥❡✉"*K❧❡ ❧❛❞➙♥ *❛❦✱ ❛❜② ✈"*✉♣♥& "✐❣♥K❧ ❜②❧

✏③❛(♦✈♥K♥✑ "❡ ✈"*✉♣♥&♠ ✜❧*(❡♠✳ ■♥❞❡① ♠♦❞✉❧❛❝❡✸✳✸ ➦&❦K ❞♦ ❥❛❦L ♠&(② ♠➲➸❡♠❡ ♥❛"*❛✈❡♥& ❢(❡❦✈❡♥↔♥& ♦✛"❡*✉✲

✴❞(✐❢*✉ ✐❣♥♦(♦✈❛*✳

h❂
∆f

fmod

✭✸✳✸✮

7♦❦✉❞ ❥❡ ✐♥❞❡① ♠♦❞✉❧❛❝❡ ✈②"♦❦ ✱̂ ❞♦"*K✈K♠❡ ✈❡ "♣❡❦*(✉ ❞✈➙ ③♥❛*❡❧♥L ➨♣✐↔❦② ❛ ❢(❡❦✈❡♥↔♥& ♦✛"❡* ♥❡♠➲➸❡ ❜^*

`♣❧♥➙ ✐❣♥♦(♦✈K♥✳ 7♦❦✉❞ ❥❡ ♠♦❞✉❧❛↔♥& ✐♥❞❡① ♥&③❦ ✱̂ ♠➲➸❡♠❡ ♦✛"❡* ✐❣♥♦(♦✈❛*✳ ▼❛①✐♠K❧♥& ♦✛"❡* ❢(❡❦✈❡♥❝❡ ♣(♦

♠B❞② ❙ ✐ ❚ ❥❡✿ ± ✷✺♣♣♠ ✰ ± ✻✵♣♣♠ ❂ ± ✽✺♣♣♠✳ ❋(❡❦✈❡♥↔♥& ❞(✐❢* ❥❡ ❞K♥ ✈③*❛❤❡♠ fdrift❂fnosné ∗±85ppm ≈

±74kHz ✳

❑♦♠♣❡♥③❛❝❡ ❞*✐❢-✉ ❛ ♦✛0❡-✉ ♣➦❡♥♦0♦✈4 *②❝❤❧♦0-✐ ❑♦♠♣❡♥③❛❝❡ ♦✛"❡*✉ ♣➦❡♥♦"♦✈L (②❝❤❧♦"*✐ ❥❡ ♥❛"*❛✲

✈♦✈K♥❛ ♣♦♠♦❝& (❡❣✐"*(✉ ❇❙❈❋●✳ ❈❤②❜❛ ✈ ❦♦♠♣❡♥③❛❝✐ ♦✛"❡*✉ ♠➲➸❡ ✈②`"*✐* ✈ ✶✵✵✪ ❝❤②❜♦✈♦"* ♥❛ ♣➦&❥♠✉✱

❥❛❦♦ ❞➲"❧❡❞❡❦ ③*(❛❝❡♥L ❜✐*♦✈L "②♥❝❤(♦♥✐③❛❝❡✱ ♥❡③K✈✐"❧❡ ♥❛ "&❧❡ ♣➦✐❥❛*L❤♦ "✐❣♥K❧✉✳ 7(♦ ❙ ♠B❞ ❥❡ ♠❛①✐♠K❧♥&

♣➦&♣✉"*♥^ ❞(✐❢* ♣➦❡♥♦"♦✈L (②❝❤❧♦"*✐ ❞❧❡ ❬✷❪ ± ✷✪✱ ♣(♦*♦ ♥❛"*❛✈&♠❡ ♣(✈♥& ❞✈❛ ❜✐*② ❇❙❈❋● ✭❇❈❴▲■▼■❚✮ ♥❛

± ✸✳✶✷✺✪✳ 7(♦ ❚ ♠B❞ ❥❡ ♠❛①✐♠K❧♥& ♣➦&♣✉"*♥^ ❞(✐❢* ± ✶✷✪ *③♥✳ ❇❈❴▲■▼■❚ ♠✉"&♠❡ ♥❛"*❛✈✐* ♥❛ ♥❡❥❜❧✐➸➨&

✈②➨➨& *❥✳ ± ✶✷✳✺✪✳

❑♠✐-♦↔-♦✈9 ❞❡✈✐❛❝❡ ❉❡✈✐❛❝❡✭✈②❝❤^❧❡♥&✮ ❦♠✐*♦↔*✉ ♣➦✐ ❢❡❦✈❡♥↔♥& ♠♦❞✉❧❛❝✐ ❋❙❑ ♥❡❜♦ ●❋❙❑ ❥❡ ❦♦♥*(♦❧♦✲

✈K♥❛ ♣♦♠♦❝& (❡❣✐"*(✉ ❉❊❱■❆❚◆✳ 7(♦ ♣➦&❥❡♠ ❜② ♠➙❧❛ ❜^* ❤♦❞♥♦*❛ ❦♠✐*♦↔*♦✈L ✈^❝❤②❧❦② ♥❛"*❛✈❡♥❛ ❝♦ ♥❡❥❜❧&➸❡

❦ ❤♦❞♥♦*➙✱ ❦*❡(♦✉ "♣❡❝✐✜❦✉❥❡ ❲✐(❡❧❡"" ▼✲❇✉"✳ 7➦✐ ♥❛"*❛✈♦✈K♥& ❦♠✐*♦↔*♦✈L ❞❡✈✐❛❝❡ ❥❡ ♥✉*♥L ❜(K* ✈ `✈❛❤✉✱

➸❡ ♦✛"❡* ❦♠✐*♦↔*✉ ❜② ♥❡♠➙❧ ❜^* ✈➙*➨& ♥❡➸ ❞✈♦❥♥K"♦❜❡❦ ❦♠✐*♦↔*♦✈L❤♦ ✈②❝❤^❧❡♥&✳ 7♦❦✉❞ ♦✛"❡* ♣➦❡❦(♦↔& ❞✈♦❥✲

♥K"♦❜❡❦ ❦♠✐*♦↔*♦✈L ❞❡✈✐❛❝❡✱ ♠➲➸❡ "❡ "*K*✱ ➸❡ ❝❤②❜❛ ♣➦✐❥❡*& ♣❛❦❡*✉ ❜✉❞❡ ✶✵✵✪ ❜❡③ ♦❤❧❡❞✉ ♥❛ *♦✱ ❥❛❦ "✐❧♥^♠

"✐❣♥K❧❡♠ ✈②"&❧❛↔ ✈②"&❧K✳ ❘❡❣✐"*( ❉❊❱■❆❚◆ ✉♠♦➸➡✉❥❡ ♥❛"*❛✈❡♥& ❞❡✈✐❛❝❡ ❦♠✐*♦↔*✉ ✈ (♦③♠❡③& ✹✵ ❛➸ ✽✵ ❦❍③✳

❉❧❡ *❛❜✳ ✻✳✷ ❥❡ ♣(♦ ♠B❞ ❙ ✐ ♣(♦ ♠B❞ ❚ ♠❛①✐♠K❧♥& ❦♠✐*♦↔*♦✈K ❞❡✈✐❛❝❡ ✺✵❦❍③✳ 7(♦ ♠B❞ ❙ ❥❡ ③✈♦❧❡♥♦ ♥❛"*❛✲

✈❡♥& ✹✼❦❍③✱ ✉♠♦➸➡✉❥&❝& (②❝❤❧♦✉ ♦❞❡③✈✉✳ ❯ ♠B❞✉ ❚ ❥❡ ✈②❝❤^❧❡♥& ❦♠✐*♦↔*✉ ♥❛"*❛✈❡♥♦ ♥❛ ✹✵❦❍③✱ ♣(♦*♦➸❡ ❞&❦②

✈➙*➨&♠✉ ♦✛"❡*✉ ✈ ♣➦❡♥♦"♦✈L (②❝❤❧♦"*✐ ✈ *♦♠*♦ ♠B❞✉ ❥❡ ✈^❦♦♥ ♣➦✐❥&♠❛↔❡ ✈&❝❡ ③K✈✐"❧^ ♥❛ ♥❛"*❛✈❡♥& ❦♠✐*♦↔*♦✈L

❞❡✈✐❛❝❡✳

❈❛**✐❡* ❙❡♥0❡ ✭✏◆❛0❧♦✉❝❤9♥? ♥♦0♥4✑✮ ❚♦*♦ ♥❛"*❛✈❡♥& ✉(↔✉❥❡✱ ❥❛❦ "✐❧♥^ "✐❣♥K❧✭♥❛❞ `(♦✈♥& ➨✉♠✉✮ ❜✉❞❡

♣➦✐❥&♠❛↔ ♣➦✐❥&♠❛*✳ ◆❛"*❛✈❡♥& ❈❛((✐❡( ❙❡♥"❡ "❡ ♣(♦✈K❞& ♣♦♠♦❝& (❡❣✐"*(➲ ❆●❈❚❘▲ ❛ ♦❜✈②❦❧❡ "❡ ♥❛"*❛✈✉❥❡ ♥❛

❝✐*❧✐✈♦"*♥& ❧✐♠✐* ♣➦✐❥&♠❛↔❡✳ 7(♦ ❙ ♠B❞ ✲✶✵✼ ❞❇♠ ❛ ♣(♦ * ♠B❞ ✲✶✵✹ ❞❇♠✳

✸✳✷✳✷ ◆❛0-❛✈❡♥? ♣❛*❛♠❡-*➲ ❧✐♥❦♦✈4 ✈*0-✈② ♥❛ ↔✐♣✉ ❈❈✶✶✵✶

7❛❦❡*♦✈❛❝& ❡♥❣✐♥ ❈✶✶✵✶ ♥❡♣♦❞♣♦(✉❥❡ ♣➦&♠♦ ❢♦(♠K* ♣❛❦❡*➲ ❲✐(❡❧❡"" ▼✲❇✉"✱ ❛ ♣(♦*♦ "❡ ♠✉"& "❛♠♦*♥^ ♣❛❦❡*

"❡"*❛✈♦✈❛* ♥❛ `(♦✈♥& ♠✐❦(♦❦♦♥*(♦❧L(✉ ❛ ❥❛❦♦ ❝❡❧❡❦ ♥❛↔&"* ❞♦ ❚❳❋■❋❖✳ ❲✐(❡❧❡"" ▼✲❇✉" ♣♦✉➸&✈K ❦ ③❛❦B❞♦✈K♥&

▼✲❇✉" ♣❛❦❡*➲ ♣(♦ ❚ ♠B❞ ❦B❞♦✈K♥& ✸✲♦♦✉*✲♦❢✲✻✱ ❦*❡(L ♥❡♥& ↔✐♣❡♠ ❈❈✶✶✵✶ ♣♦❞♣♦(♦✈K♥♦✱ ❛ ♣(♦*♦ "❡ ♠✉"& ♣(♦✲

✈K❞➙* ❦B❞♦✈K♥& ♣♦♠♦❝& ❦B❞♦✈K❝& *❛❜✉❧❦②✳ ❆↔❦♦❧✐✈ ↔✐♣ ✉♠♦➸➡✉❥❡ ❦B❞♦✈K♥& ▼❛♥❝❤❡"*❡(✱ *♦*♦ ❦B❞♦✈K♥& ♣(♦✈K❞&

♣➦❡" ❝❡❧K ❞❛*❛ ✈↔❡*♥➙ "②♥❝❤(♦♥✐③❛↔♥&❤♦ "❧♦✈❛✱ ↔♦➸ ♥❡♥& ✈ "♦✉❧❛❞✉ "❡ "*❛♥❞❛(❞❡♠ ❲✐(❡❧❡"" ▼✲❇✉"✱ ❛ ♠✉"& "❡

♣(♦✈K❞➙* ♦♣➙* ♣♦♠♦❝& ❦B❞♦✈❛❝& *❛❜✉❧❦②✳

✷✸



◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

❚(❛♥"❝❡✐✈❡( ❈❈✶✶✵ ✉♠♦➸➡✉❥❡ ♣♦♠♦❝& (❡❣✐"*(➲ ❙❨◆❈✵ ❛ ❙❨◆❈✶ ♥❛"*❛✈✐* ❛➸ ✶✻*✐ ❜✐*♦✈K ✉♥✐❦L*♥& "❧♦✈♦

"②♥❝❤(♦♥✐③❛❝❡✳ 7(♦ ❞❡❧➨& "②♥❝❤(♦♥✐③❛↔♥& "❧♦✈♦ ❧③❡ "②♥❝❤(♦♥✐③❛❝✐ ♦♣❛❦♦✈❛*✳

❯ ♠S❞✉ ❙ ✶✽*✐ ❜✐*♦✈K "②♥❝❤(♦♥✐③❛↔♥& "❧♦✈♦ ✈②➸❛❞✉❥❡ ♣♦✉➸&* ↔L"* ❚❳❋■❋❖ ♣➦❡❞ ③❛❦S❞♦✈❛♥Y♠✐ ❞❛*②✳ ❙②♥✲

❝❤(♦♥✐③❛↔♥& "❧♦✈♦ (♦③❞➙❧&♠❡ *❛❦✱ ❛❜② ❞♦❧♥&❝❤ ✽ ❜✐*➲ ❜②❧♦ ③❛♣"L♥♦ ❞♦ ❚❳❋■❋❖ ❛ ③❜②❧Y❝❤ ✶✵ ❜✐*➲ (♦③➨&➦&♠❡

↔L"*& ♣(❡❛♠❜✉❧❡ ♥❛ ✶✻❜✐*➲ ❛ ③❛♣&➨❡♠❡ ❞♦ ❙❨◆❈ ❥❛❦♦ "②♥❝❤(♦♥✐③❛↔♥& "❧♦✈♦✳ 7(♦ ♠S❞ ❚ ❥❡ "②♥❝❤(♦♥✐③❛↔♥& "❧♦✈♦

✶✵*✐ ❜✐*♦✈K ❛ ❥❡❞♥♦❞✉➨❡ ❥❡❥ (♦③➨&➦&♠❡ ♥❛ ✶✻❜✐*➲ ♣➦✐❞L♥&♠ ✻ ❜✐*➲ ♣(❡❛♠❜✉❧❡✳ ❚❛❦*♦ (♦③➨&➦❡♥K "②♥❝❤(♦♥✐③❛↔♥&

"❧♦✈♦ ③❛♣&➨❡♠❡ ❞♦ (❡❣✐"*(➲ ❙❨◆❈①✳

✸✳✷✳✸ ❑♥✐❤♦✈♥❛ ❲✐+❡❧❡.. ▼✲❇✉.

❙❡.4❛✈❡♥5 +6♠❝❡ ▼✲❇✉. ❖ "❡"*❛✈❡♥& (L♠❝❡ "❡ "*❛(L ❦S❞ ✈ ↔L"*✐ ✇♠❜✉"❴♣❛❝❦❡*✳❝✳ ❘L♠❡❝ ❥❡ "❡"*❛✈❡♥ ✈❡

✜①♥& ❞❛*♦✈K "*(✉❦*✉➦❡ ✶✵❜❛❥*➲ ❛ ✷❜❛❥*② ❈❘❈✳ 7➦✐ ✈♦❧L♥& ❢✉♥❦❝❡ ❡♥❝♦❞❡❚❳7❛❝❦❡* ❥❡ ✉♠♦➸♥➙♥♦ "♣❡❝✐✜❦♦✈❛*

♣➦❡♥L➨❡♥L ❞❛*❛ ♣♦♠♦❝& ♣❛(❛♠❡*(➲ ❉■❋ ❛ ❱■❋✳ ◆➙❦*❡(K *②*♦ ③L❦❧❛❞♥& ♣❛(❛♠❡*(② ❥"♦✉ ✈ ❤❧❛✈✐↔❦♦✈K♠ "♦✉❜♦(✉

✇♠❜✉"❴♣❛❝❦❡*✳❤✳ ❘♦③➨✐➦✐*❡❧♥L "*(✉❦*✉(❛ ♦ ❉■❋❊ ❛ ❱■❋❊ ③❛*&♠ ♥❡♥& ✐♠♣❧❡♠❡♥*♦✈L♥❛✳ 7♦❦✉❞ ❥❡ ❞❛* ♠K♥➙ ♥❡➸

✼ ❜❛❥*➲✱ ♣♦✉➸✐❥& "❡ ♣(♦ ♣➦❡♥♦" ♣♦✉③❡ ❜❧♦❦② ✶ ❛ ✷✳ 7♦❦✉❞ ❥❡ ❞❛* ✈&❝❡✱ ♣♦✉➸✐❥& "❡ ❜❧♦❦② ♥✳ ❙❡"*❛✈❡♥& (L♠❝❡ ❥❡

♥❡③L✈✐"❧K ♥❛ ♣♦✉➸✐*K ❛(❝❤✐*❡❦*✉➦❡ ♣(♦❝❡"♦(✉✳

❱:♣♦↔❡4 ❈❘❈ 7(♦ ✈Y♣♦↔❡* ❈❘❈ ❥❡ ♣♦✉➸✐* ❥❡❞♥♦❞✉❝❤Y ❛❧❣♦(✐*♠✉"✳ ❱"*✉♣❡♠ ❛❧❣♦(✐*♠✉ ❥"♦✉ ♣➦❡❞❝❤L③❡❥&❝&

✈Y"❧❡❞❡❦ ✈Y♣♦↔*✉ ❈❘❈ ❛ ✈"*✉♣♥& ❞❛*❛✳ 7➦✐ ✐♥✐❝✐❛❧✐③❛❝✐✱ *❥✳ ♣(✈♥&♠ ✈Y♣♦↔*✉ ❈❘❈ ❥❡ ♣❛(❛♠❡*( ❝(❝❘❡❣ ♥✉❧♦✈Y✳

7➦✐ ✈Y♣♦↔✉ "❡ ♣♦"*✉♣✉❥❡ ♦❞ ♥❡❥✈②➨➨&❤♦ ❜✐*✉ ✈"*✉♣♥&❤♦ ♣❛(❛♠❡*(✉ ❝(❝❉❛*❛ ❛ ♣♦(♦✈♥L✈L "❡ " ♥❡❥✈②➨➨&♠ ❜✐*❡♠

❝(❝❘❡❣✳ 7♦❦✉❞ ❥"♦✉ ♥❡❥✈②➨➨& ❜✐*② (♦③❞&❧♥K✭✈Y"❧❡❞❡❦ ♦♣❡(❛❝❡ ❳❖❘ ❥❡ ❥❡❞♥❛✮✱ ♣♦*♦♠ "❡ " ❝(❝❘❡❣ ♣(♦✈❡❞❡ ❜✐*♦✈Y

♣♦"✉♥ ♦ ❥❡❞❡♥ ❜✐* ❞♦❧❡✈❛ ❛ ❦ *K*♦ ❤♦❞♥♦*➙ "❡ ❡①❧✉③✐✈♥➙ ♣➦✐↔*❡ ❤♦❞♥♦*❛ ❣❡♥❡(✉❥&❝&❤♦ ♣♦❧②♥♦♠✉✳ 7♦❦✉❞ ❥❡ ✈

♥❡❥✈②➨➨&❝❤ ❜✐*❡❝❤ "❤♦❞❛✱ ♣(♦✈❡❞❡ "❡ ♣♦✉③❡ ❜✐*♦✈Y ♣♦"✉♥ ✈❧❡✈♦✳ ❱ ❞❛❧➨& ✐*❡(❛❝✐ ❝②❦❧✉ "❡ ♣♦"✉♥❡♠❡ ❦ ❞(✉❤K♠✉

♥❡❥✈②➨➨&♠✉ ❜✐*✉ ❝(❝❉❛*❛ ❛ ❝②❦❧✉" "❡ ♦♣❛❦✉❥❡✱ ❞♦❦✉❞ ♥❡♣♦(♦✈♥L ✈➨❡❝❤♥② ❜✐*② ❝(❝❉❛*❛✳ ◆L✈(❛*♦✈L ❤♦❞♥♦*❛ ❥❡

❛❦*✉L❧♥& ❤♦❞♥♦*♦✉ ❈❘❈✳

❆❧❣♦+✐4♠✉. ✶ ❱Y♣♦↔❡* ❈❘❈

✉✐♥*✶✻ ❝(❝❈❛❧❝ ✭ ✉ ✐♥*✶✻ ❝(❝❘❡❣ ✱ ✉ ✐♥*✽ ❝(❝❉❛*❛ ✮ ④

✉ ✐♥*✽ ✐ ❀

❢ ♦ ( ✭ ✐ ❂ ✵ ❀ ✐ ❁ ✽ ❀ ✐✰✰✮

④

✴✴ ▼❙❇ ❥ ❡ ✶

✐ ❢ ✭ ✭ ✭ ❝(❝❘❡❣ ✫ ✵①✽✵✵✵ ✮ ❃❃ ✽✮ ❫ ✭ ❝(❝❉❛*❛ ✫ ✵①✽✵ ✮ ✮

❝(❝❘❡❣ ❂ ✭ ❝(❝❘❡❣ ❁❁ ✶✮ ❫ ❈❘❈❴7❖▲❨◆❖▼❀

❡ ❧ " ❡

❝(❝❘❡❣ ❂ ✭ ❝(❝❘❡❣ ❁❁ ✶ ✮ ❀

❝(❝❉❛*❛ ❁❁❂ ✶ ❀

⑥

(❡ *✉(♥ ❝(❝❘❡❣ ❀

⑥

❙❡.4❛✈❡♥5 ♣❛❦❡4✉ ❲✐+❡❧❡.. ▼✲❇✉. 7➦✐ "❡"*❛✈♦✈L♥& ♣❛❦❡*✉ ❲✐(❡❧❡"" ▼✲❇✉" ♣➦✐❞L✈L♠❡ ✈ ♣➦&♣❛❞➙ ❙ ♠S❞✉

↔L"* "②♥❝❤(♦♥✐③❛↔♥&❤♦ "❧♦✈❛ ♣➦❡❞ ❲✐(❡❧❡"" ▼✲❇✉" ♣❛❦❡*✱ ♣(♦ ♠S❞ ❚ ♥❡♥& *❛*♦ ♦♣❡(❛❝❡ ♥✉*♥L✱ ❥❛❦ ❥✐➸ ❜②❧♦

✈②"✈➙*❧❡♥♦✳ 7♦ ③❛❦S❞♦✈L♥& ❞❛* ❥❡ ♥❛ ❦♦♥❡❝ ♣❛❦❡*✉ ♣➦✐❞L♥❛ ♣♦"*❛♠❜✉❧❡✳ 7(♦ ❥❡❞♥♦*❧✐✈L ③❛❦S❞♦✈L♥& ❛ ❞❡❦S❞♦✈L♥&

❞❛* ❥"♦✉ ♣♦✉➸✐*② ❦S❞♦✈❛❝& *❛❜✉❧❦② "*❡❥♥K✱ ❦*❡(K ❥"♦✉ ✉✈❡❞❡♥② ✈ ❬✸❪✳
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◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

❑!❞♦✈%♥' ❛ ❞❡❦!❞♦✈%♥' ✸✲♦✉.✲♦❢✲✻ ❑B❞♦✈D♥& ❥❡ ♣(♦✈D❞➙♥♦ ♣♦♠♦❝& *❛❜✉❧❦② ♦ ✶✻*✐ ③D③♥❛♠❡❝❤✱ ✈❡ ❦*❡(K

❥❡ ♣(♦ ✈"*✉♣♥& ❤♦❞♥♦*② ✵①✵ ❛➸ ✵①❋ ✈O"*✉♣♥& ❦B❞ ✸✲♦✉*✲♦❢✲✻✳ 7➦❡✈D❞&♠❡ ③❞❡ ✈"*✉♣♥& ✹ ❜✐*♦✈♦✉ ❤♦❞♥♦*✉ ♥❛

✈O"*✉♣♥& ✻*✐ ❜✐*♦✈♦✉✳ ❖❜❞♦❜♥➙ ❥❡ ➦❡➨❡♥♦ ❞❡❦B❞♦✈D♥& ✲ ♣♦♠♦❝& *❛❜✉❧❦② ♦ ✻✹ ③D③♥❛♠❡❝❤✳ ◆❡✈❛❧✐❞♥& ❞❡❦B❞♦✈D♥&

❥❡ "✐❣♥❛❧✐③♦✈D♥♦ ③♥❛❦❡♠ ✵①❋❋✳ 7(♦ ③❡❥❞♥♦❞✉➨❡♥& ♣♦✉➸&✈D♠ ❢✉❦❝❡ ♣(♦ ③❛❦B❞♦✈D♥& ✶✻*✐ ❜✐*➲ ❞❛* ❞♦ ✷✹❜✐*➲✳

❑!❞♦✈%♥' ❛ ❞❡❦!❞♦✈%♥' ▼❛♥❝❤❡4.❡5 7(♦ ❦B❞♦✈D♥& ▼❛♥❝❤❡"*❡( ❥"♦✉ ♦♣➙* ♣♦✉➸✐*② *❛❜✉❧❦② "♣❡❝✐✜❦♦✈❛♥K

✈ ♥♦(♠➙ ❬✸❪✳ 7(♦ ③❛❦B❞♦✈D♥& ❥❡ ♣♦✉➸✐*❛ *❛❜✉❧❦❛ ♦ ✶✻*✐ ③D③♥❛♠❡❝❤✱ ❦❞② ❥"♦✉ ✈"*✉♣♥& ✹❜✐*♦✈D ❞❛*❛ ③❛❦B❞♦✈D♥❛

♣♦♠♦❝& *❛❜✉❧❦② ❞♦ ✽♠✐ ❜✐*➲ ❦B❞✉✳ 7➦✐ ❞❡❦B❞♦✈D♥& "❡ ♣♦"*✉♣✉❥❡ ♣♦ ✹➦❡❝❤ ❜✐*❡❝❤✱ ❝♦➸ "♥✐➸✉❥❡ ♥D(♦❦② ♥❛ (♦③♠➙(

*❛❜✉❧❦②✳ ❱O"*✉♣♥& ❞❡❦B❞♦✈❛♥D ❞❛*❛ ❥"♦✉ ♦ (♦③♠➙(✉ ✷ ❜✐*② ❛ ♣(♦ ③&"❦D♥& ❥❡❞♥♦❤♦ ❜❛❥*✉ ❥❡ ♥✉*♥K ❞❡❦B❞♦✈D♥&

✹❦(D* ③♦♣❛❦♦✈❛*✳

❙.5✉❦.✉5❛ ♣5♦❣5❛♠✉ 7(♦❣(❛♠ ❥❡ "❡"*❛✈❡♥ *❛❦✱ ❛❜② ❦♥✐❤♦✈♥❛ ❲✐(❡❧❡"" ▼✲❇✉" ❜②❧❛ ❛❜"♦❧✉*♥➙ ♥❡③D✈✐"❧D

♥❛ ❤❛(❞✇❛(✉✳ ❱➨❡❝❤♥② "♣❡❝✐✜❝❦K ❢✉♥❦❝❡✱ ❦*❡(K ❥"♦✉ ③D✈✐"❧K ♥❛ ❤❛(❞✇❛(✉ ❥"♦✉ ✐♠♣❧❡♠❡♥*♦✈D♥② ❞♦ ❦♥✐❤♦✈♥②

(D❞✐♦✈K❤♦ (♦③❤(❛♥&✳ ❙♦✉❜♦( ❈❈①①①①✳❤ ♦❜"❛❤✉❥❡ ❛❞(❡"② (D❞✐♦✈O❝❤ (❡❣✐"*(➲✱ ♠❛"❦♦✈❛❝& ❜✐*② ❛ ❥❡❞♥♦❜❛❥*♦✈K

♣➦&❦❛③② ✭❝♦♠♠❛♥❞ "*(♦❜❡"✮ ♣(♦ ↔✐♣② ❈❈✶✶✵✶ ❛ ❈❈✷✺✷✵✳ ❙♦✉❜♦( ♠"♣✹✸✵①①①①✳❤ ❥❡ ❤❧❛✈✐↔❦♦✈O "♦✉❜♦( ✈O(♦❜❝❡

↔✐♣✉✱ ♥❛❞ ♥&♠ ❥❡ ❚■❴♠"♣✹✸✵✳❤ ♦❜"❤❛❤✉❥&❝& ♣♦↔D*❡↔♥& ✐♥✐❝✐❛❧✐③❛❝❡ ↔✐♣✉✳ ❊①♣❴❇♦❛(❞✳❤ ♣➦✐❞D✈D ❞❡✜♥✐↔♥& "♦✉❜♦(

❥❡❞♥♦*❧✐✈K ✈O✈♦❥♦✈K ❞❡"❦②✱ ❦❞❡ ❥"♦✉ "♣❡❝✐✜❦♦✈D♥② ❥❡❞♥♦*❧✐✈K ♣❡(✐❢❡(✐❡ ♣➦&"❧✉➨&❝& ❦ ❥❡❞♥♦*❧✐✈O♠ ✈O✈♦❥♦✈O♠

❞❡"❦D♠✳ ❑❞②➸ ❦*❡(O ♣✐♥ ❥❡ ♥❛ ❞❡"❝❡ ❦❞❡✱ ♠➲➸❡♠❡ ♣➦✐❧♦➸✐* ✈O❦♦♥O "♦✉❜♦( ♣(♦ ♦✈❧D❞D♥& ❙7■ (♦③❤(❛♥&✳ ❱ *♦♠*♦

"♦✉❜♦(✉ "❡ ♥❛❝❤D③❡❥& ♣♦✉③❡ ✐♥"*(✉❦❝❡ ♣(♦ ③D♣✐" ❛ ↔*❡♥& ❜❛❥*✉✱ "❡❦✈❡♥↔♥➙ ✐ ❥❡❞♥♦❜❛❥*♦✈➙ ❛ *❛❦K ✐♥✐❝✐❛❧✐③❛❝❡

"❛♠♦♥K❤♦ ❙7■✳ ◆❛❞ ❙7■ ❥❡ ✉➸ ❦♥✐❤♦✈♥❛ ♣(♦ ♦✈❧D❞D♥& (D❞✐♦✈K❤♦ (♦③❤(❛♥&✳ ❖❜"❛❤✉❥&❝& ✐♥"*(✉❦❝❡ ♣(♦ ❦♦♥✜❣✉(❛❝✐

↔✐♣✉✱ ♣(♦ ↔*❡♥& ❛ ③D♣✐" ❞♦ ❥❡❞♥♦*❧✐✈O❝❤ (❡❣✐"*(➲ ❛ *♦ ✐ "❡❦✈❡♥↔♥➙✳ ❉D❧❡ ♦❜"❛❤✉❥❡ ❥❡❞♥♦*❧✐✈D ♣➦❡❞♥❛"*❛✈❡♥&

(D❞✐♦✈O❝❤ (❡❣✐"*(➲✳ ❩ ❲✐(❡❧❡"" ▼✲❇✉" ✐♠♣❧❡♠❡♥*✉❥❡ ❤❛(❞✇❛(♦✈➙ ③D✈✐"❧♦✉ ↔D"* ❛ ♥❛"*❛✈❡♥& (D❞✐♦✈K❤♦ (♦③❤(❛♥&

♣(♦ ❥❡❞♥♦*❧✐✈K ♠B❞②✳

❙❛♠♦*♥D ❦♥✐❤♦✈♥❛ ♦❜"❛❤✉❥❡ "♦✉❜♦(② ♣(♦ "❡"*❛✈❡♥& (D♠❝❡ ▼✲❇✉" ✲ ♠❜✉"❴❢(❛♠❡✳❝✳ ❱O❦♦♥♥O ❦B❞ ♠❜✉"❴❢(❛♠❡

✈❦❧D❞D ❦B❞ ♣(♦ ✈O♣♦↔❡* ❈❘❈✳ 7♦"✉♣❡♠ ♥&➸❡ "*(✉❦*✉(♦✉ ♣(♦❣(❛♠✉ "❡ ❞❛*❛ ✏♦❜❛❧✉❥&✑ ✈❡ ✈("*✈➙ ✇♠❜✉"❴♣❛❝❦❡*✳❝

❦B❞♦✈D♥&♠ ♣(♦ ♣➦&"❧✉➨♥O ♠B❞ ❲✐(❡❧❡"" ▼✲❇✉" ♣♦♠♦❝& ✇♠❜✉"✳❝♦❞✐♥❣✳❝✳ 7♦*K ❝♦ ❥"♦✉ ❞❛*❛ ③❛❦B❞♦✈D♥❛ ❥❡ ❦ ♥✐♠

♣➦✐❞D♥❛ "②♥❝❤(♦♥✐③❛❝❡ ❛ ♣♦"*❛♠❜✉❧❡✳ ❚❛❦*♦ ♣➦✐♣(❛✈❡♥D ❞❛*❛ ❥❡ ♠♦➸♥K ♦❞❡"❧❛* ❞♦ ✈("*✈② (D❞✐♦✈K❤♦ (♦③❤(❛♥♥&✳

❖❜(D③❡❦ ✸✳✷✿ ❙*(✉❦*✉(❛ ❦♥✐❤♦✈♥② ✈ ♥D✈❛③♥♦"*✐ ♥❛ (D❞✐♦✈K (♦③❤(❛♥♥& ❈❈✶✶✵✶
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◆❛"❛③❡♥& ♣(♦*♦❦♦❧✉ ▼✲❇✉" ✈ ❛♣❧✐❦❛❝✐ ✧❙♠❛(* 7♦✇❡( ▼❡*❡(✧ ❏✐➦& ❱❛❝❤*❛ ✷✵✶✸

✸✳✷✳✹ ❆✴❉ ♣➦❡✈♦❞♥.❦ ✈②1.❧❛↔❡

❱➙*➨✐♥❛ "♥&♠❛↔➲ ♣(♦✉❞✉✱ ❦*❡(G "❡ ♣♦✉➸&✈❛❥& ♣(♦ ✈②❤♦❞♥♦❝❡♥& "♣♦*➦❡❜②✱ ♠L ♥❛♣➙➫♦✈N ✈N"*✉♣ ✵ ❛➸ ✺❱✳ 7(♦✲

*♦➸❡ ♥❛ ✈"*✉♣ ♥❛♣➙➫♦✈G❤♦ ♣➦❡✈♦❞♥&❦✉ ❥❡ ♠♦➸♥G ♣➦✐✈G"* ♠❛①✐♠L❧♥➙ ❤♦❞♥♦*✉ ♥❛♣➙*& ♥❛ ♣✐♥✉ AVCC ✱ ❦*❡(N ❥❡

♥❛ ✈N✈♦❥♦✈G ❞❡"❝❡ ❊❳7✹✸✵❋✺✹✸✽ ♣❡✈♥➙ "♣♦❥❡♥ " ♥❛♣L❥❡❝&♠ ♥❛♣➙*&♠ ❞❡"❦②✱ ❥❡ ♠❛①✐♠L❧♥& ♣➦✐✈❡❞❡♥G ♥❛♣➙*&

*♦*♦➸♥G " ♥❛♣L❥❡❝&♠ ♥❛♣➙*&♠ ❞❡"❦②✳ ▼✐♥✐♠L❧♥& ❤♦❞♥♦*❛ ♥❛♣➙*& ❥❡ ❞L♥❛ ♥❛♣➙*&♠ ♥❛ ♣✐♥✉ AV ss✱ ❦*❡(N ❥❡ ♥❛

✈N➨❡ ③♠&♥➙♥G ❞❡"❝❡ "♣♦❥❡♥N "❡ ③❡♠&✳ ❘♦③"❛❤ ✈*✉♣♥&❤♦ ♥❛♣➙*& ♥❛ ♣✐♥✉ ♠✐❦(♦❦♦♥*(♦❧G(✉ ♠✉"& ❜N* ✈ (♦③♠❡③&

✵ ❛➸ VDD ✭♥❛♣L❥❡❝& ♥❛♣➙*& ❞❡"❦②✮✱ ❛ *♦ ✐ ♣➦❡"*♦✱ ➸❡ ♠❛①✐♠L❧♥& ❞♦✈♦❧❡♥G ♥❛♣➙*& ♥❛ ♣✐♥✉ ❥❡ VCC✰0.3V ✳ ❚♦*♦

♠✉"& ❜N* ③❛❥✐➨*➙♥♦ ♣➦&❞❛✈♥N♠✐ "❝❤♦**❦②❤♦ ❞✐♦❞❛♠✐✳
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UART Amber

AMB8426-M

Wireless M-Bus

CC1101
SPIMSP430F2274

MSP430FG4618
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Board
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GPIO

Wireless M-Bus tester
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