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ໜጣ၄ۉپ૰ဣཥڦփ݀܏ቛǈۉ૰ᆩۉܔࢽ

ీዊଉ࠲ڦጀ܈ደॷ༵ߛăഄዐǈۉუሡই๟ፌ׉

९ڦᅃዖీۉዊଉ࿚༶ǈࣷۉܔ૰ᆩ׼ڦࢁ޶ࢽჄ

࿘ۨሏႜሰׯ኱থᆖၚăᅺُǈํ၄ۉუሡইᇸڦ

੺໏Ăጚඓۨ࿋ᆶዺᇀీۉዊଉ๚ॲڦ੺໏ت૙ǈ

ᅜत๚ࠤມݛሴඪڦ௽ඓহۨǈీࠕᆶၳইگঢ়ष

໦฿ժ঴ਦ၎࠲ৰݵă

ڦუሡইۉᇸۨ࿋ǈनಒۨᆅഐۯუሡইඡۉ

ඡۯᇸ࿋ᇀ֪॔ጎዃڦనᅃ֨ǈܸٗፕྺࠃᆩۉມ

ۯუሡইඡۉܔྔాࡔᅈ਍ăణമǈڦݵၹۙৰݛ

ᇸۨ࿋ڦჺ৯ǈᅙঢ়ᆶକᅃၵডׯຄ݆ݛڦă

࿔၅[1]ӝඡۯᇸ๫ྺᅃ߲ٗဣཥዐဌൽీଉڦ

Đీଉ׾đăړඡ้ิ݀ۯǈևీݴଉٗဣཥୁၠ

၎ۅቱࠤ܏ಒၠୁڦ਍ీଉߵăᅺُǈ੗ᅜۅቱࠤ

ඡࢅ୲ǄDPǅࠀۯ࿋ዃăनएᇀඡڦᇀ֪ଉጎዃܔ

݆ݛ޿ڍᇸ࿋ዃăۯǈඓۨඡࣅՎڦଉǄDEǅీۯ

ৈ๢ᆩᇀၠྔ๥ీݣଉڦඡۯ৊ႜۨ࿋ǈړඡၠۯ

ဣཥጀ෇ీଉ้ǈۨڦ݆ݛ޿࿋঳؜ࣷࡕ၄ٱဃă

૩සۯۉऐኧୟ݀ิࠤቱࢫǈۯۉऐገՎྺ݀ۉऐ

ጒༀሏႜǈዂ๑ኧୟၠݒୁחǗᅜतૃऍĂࡤᆶئ

ీᇮॲၠڪဣཥጀ෇ీଉࠤڦቱă

࿔၅ [ 2 - 3 ]ཚݴࡗဆٗԍࢺᆩڦीۉഗ֑تण

ຕ਍ઠइీۉڥዊଉ൧઄ǈ༵؜૧ᆩۉუሡই݀ิ

മ޿ࢫజ၍ฉፆੇࢅ၎ঙڦՎࣅઠಒۨۉუሡইඡ

ă݆ݛڦഗۉǈनएᇀਐ૗ፆੇी݆ݛڦᇸ࿋ዃۯ

พ႙ྪஏޖሞᅃۨਆ၌Ⴀǈ૩සሞ٪݆ݛ޿๟ڍ

ዐǈැࠤቱۅ࿋ᇀۉᇸࢅਐ૗ፆੇीۉഗኮक़ǈሶ

ፆੇժփࣷ݀ิՎࣅǈ൐݆ݛ޿փ๢ᆩᇀݥᆦ৳Ⴀ

ቱăࠤ

࿔၅ [ 4 ]֑ᆩဣཥ֖ଉၽ୲݆ǈ૧ᆩփཞ࿋ዃ

୲ᅺࠀኵUᇑޗუۉएೕڦڥቱ้ǈ֪॔ጎዃइࠤ

ຕcosIױڦओࢅएೕޗୁۉኵ Iኮक़ڦԲኵփཞڦ

༬ኙǈ૧ᆩፌၭܾ݆ױॽ |Ucosĳ Iᆩᅃཉ኱၍૶ࢅ |

ഐઠࢫǈᆩ኱၍ڦၽ୲ઠݒᆙۉუሡইඡۯᇸڦ࿋

ዃăᆯᇀ֑݆ݛ޿णժݴဆକٷଉڦຕ਍ǈ໯ᅜਏ

ᆶডڦߛ੗႑܈ă݆ݛُڍᄺ٪ሞᅃۨඍ။ǈनړ

၄փᅃዂǈ؜੗ీࡕ঳܏ಒڦǈෙ၎้ۯඡ׬ܔݥ

ăၳ฿݆ݛ޿

ᆯᇀဣཥٷևۉڦݴუሡই๟ᆯࠤቱᆅഐǈ࿔

၅[5]ٗۉ૰ဣཥԍࢺᇑࠤቱۨ࿋ڦ၎࠲ኪ๎݀؜ǈ

କएᇀဣ؜౒ǈ༵߁ڦഗዐሺଉፆੇۉीၠݛ਍ߵ

ཥၳڪፆੇํևڦࡽޙሡইᇸۨ࿋݆ݛă݆ݛ޿૧

ᆩ֪॔ۉڦڟუᇑୁۉएೕኟႾݴଉڦՎࣅଉࠚ໙

՗ኙକඡࡽޙևํڦፆੇǈፆੇၳڪڦᇸ֨ۯඡݥ

ࠤቱമᇑࠤܔ݆ݛ޿ڍăၠݛฉᆴई๟ူᆴڦᇸۯ

ቱ೺क़֑ᄣዜ೺ຕߌ௺׉ݥǈ჋ስڦዜ೺ຕփཞǈ

एᇀ߀৊ፆੇڦ݆ࡽޙሡইᇸۨ࿋
及应用݆ݛ
࿔/ିࡤ՜

ິࠅᆶ၌ݻბणཷࠣࣅࣀྤ

ፆੇ݆ࡽޙ๟ᅃዖᇱ૙ฉডྺׯຄڦሡইᇸۨ࿋݆ݛǈएᇀᆶࠀࠀ୲Վࣅଉ˚Qࡽޙ

Վࣅ൧઄ǈᆶၳՐ๎၍Ⴀဣཥݥࢅ၍Ⴀဣཥዐڦሡইᇸ࿋ዃǈڍևࠤݴቱׇৠူ٪ሞඍ

။ăᅺُ༵؜ᅃዖएᇀ˚QՎࣅ൵๞߀ڦ৊ڦፆੇ݆ࡽޙǈీࠕᆶၳᆌݥܔ၍Ⴀဣཥփཞ

ૌ႙܌ୟࠤቱۨڦ࿋࿚༶ǈժཚݠࡗኈఇెࢅ၄ׇհႚᄓኤକኟඓႠă
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ࣅՎڦ୲ࠀࠀփཞă໚඗࿔၅[5]एᇀᆶࡕ঳ڦ໙ࠚ

ଉ˚PڦՎࣅଉ֑ܔᄣዜ೺ຕڦ჋ስ৊ႜକᆫࣅǈ

७ዐධ٪ሞ࿚༶ăํײ߾ڍ

Ԩ࿔ॽሞ࿔၅[5]एإฉǈܔፆੇ݆ࡽޙ৊ႜ৊

ᅃօᆫࣅǈ๑ഄ߸๢ᆩᇀํײ߾ा൧઄ă

ፆੇ݆ࡽޙ

ୟઠ՗ۉၳڪࣅ०ڦ૰ဣཥ੗ᅜᆩ཮1໯๖ۉ

๖ăኄ๟ᅃ߲एೕኟႾۉୟǈഄዐZ Eࢅ1 ᇸ֨ۉ1ྺ

უᇸǈZۉևాࢅፆੇၳڪڦ Eࢅ2 2ྺᆩၳڪڦ֨ࢽ

ፆੇాࢅևۉუᇸǈժ्ย޿ဣཥᆯ၍Ⴀᇮॲፇ

ăۅҾጎڦยԢ֪॔ୁۉუĂۉྺۅăMׯ

཮2ā电૰ဣཥၳڪ电ୟ

ኟ׉൧઄ူǈ֪॔ۅMتᆶ

  (1)

्ยᆩิ݀֨ࢽথ܌ںୟࠤቱǈ๑ڥMتۅॠ

+՚ՎྺVݴॽୁۉࢅუۉǈሶۯუඡۉڟ֪ V̊ࢅ

I+˚Iǈഄዐ ŮĂ˚I๟ඡۯᇸሞᆩۉڦ้֨ࢽუĂ

ຕ֖ڦᇸ֨ۉჄ೺क़ǈ׼ۯଉă्ยඡࣅՎୁۉ

ǄZ1ࢅE1ǅԍ׼փՎǈఫ஺੗ڥ

  (2)

ᅺྺሞۉᇸ֨ࢅᆩ֨ࢽଇ܋ཞ้݀ิሡༀඡۯ

ຕփ֖ڦ֨ۯǈᅺُฉຎ्ย࿄݀ิඡگ୲ড߁ڦ

Վ๟ࢇ૙ڦă

ᆯ๕Ǆ1ǅࢅ๕Ǆ2ǅ၎३੗ڥ

  (3)

ཞ૙੗ڥǈړඡۯᇸ࿋ᇀۉᇸ้֨ǈᆩڪ֨ࢽ

ၳፆੇ੗ᅜ՗๖ྺ

  (4)

සူۨᅭ؜ߴ

  (5)

๕ዐǈUpreĂIpreࢅVduringĂIduringݴ՚՗๖ۉუሡইമ

Z؜ă੗ᅜੂୁۉუĂۉएհኟႾڦሡই೺क़ࢅ eߵ

਍ሡইᇸ࿋ዃڦփཞǈਏᆶփཞࡽޙڦă

Z eਏᆶ௽ඓڦ࿿૙ᅪᅭǈनྺ࿄݀ิඡڦ֨ۯ

ᇸ้֨ǈZۉᇸሞۯඡړፆੇăၳڪ e՗๖ᆩڪ֨ࢽ

ၳፆੇǗړඡۯᇸሞᆩ้֨ࢽǈZ e՗๖ۉᇸ֨ၳڪ

ፆੇױᅜᅃ߲ࡽ޶ă

ᅺྺፆੇǄZ 1ĂZ 2ǅՂۨྺኟǈᅺُ੗ᅜཚࡗ

ಒ܏Zeํևڦኟࡽ޶ǈઠඓۨሡইᇸၠݛǖ

1ǅැZ eํևٷᇀ0ǈሶሡইᇸ࿋ᇀۉᇸ֨ǈन

ฉᆴăۅ֪॔

2ǅැZ eํևၭᇀ0ǈሶሡইᇸ࿋ᇀᆩ֨ࢽǈन

ᆴăူۅ֪॔

Ⴔᄲຫ௽ڦ๟ǈฉຎ঳ஃዐฉᆴĂူᆴኸၠ਩

ᅜ཮1໯๖֖ྺୁۉ੊ၠݛǈᄺनྺᆶࠀࠀ୲ୁח

ăၠݛڦ

एᇀፆੇ݆ݛڦࡽޙሞ૙ஃฉ๟ࢇ૙ڦǈڍฉ

ຎݴဆڦമ༵ཉॲྺ၍Ⴀဣཥăํाᆩ׉֨ࢽ٪ሞ

ǈኄଇૌڪऐĂՎೕഗۯۉᆌߌǈ૩සࢁ޶၍Ⴀݥ

ၚڦუሡই೺क़ۉሜǈ໲்ሞ޶୲ࠀ੗๫ྺ࢛ࢁ޶

ᆌ੗ీᇑ၍Ⴀࢁ޶փཞă

࿔၅[5]ሞํᄓ๪࣍ৣူٲॺକᅜߌᆌۯۉऐई

Վೕഗྺ޶ሜํڦᄓۉୟă֪๬݀၄ǈړሡইᇸ࿋

ᇀ֪॔ူۅᆴ้ǈ၍ႠĂݥ၍Ⴀࢁ޶ኧୟ֪॔ۅ

ᆶࠀࠀ୲ୁۉࢅ਩࿘ۨሺٷǈፆੇࠕీ݆ࡽޙኟ

ඓ๎՚ሡইᇸ࿋ዃăړڍሡইᇸ࿋ᇀ֪॔ۅฉᆴ

้ǈ၍Ⴀࢁ޶ᆶࠀࠀ୲ୁۉࢅ࿘ۨ३ၭǗݥ၍Ⴀ

࿋঳ۨڦ݆ࡽޙǈएᇀፆੇް࣬ࢫሶံ३ၭࢁ޶

၍ݥ୲ࠀဆᇱᅺሞᇀǈ࢛ݴǈස཮2໯๖ăٱ؜ࡕ

Ⴀྺࢁ޶କྼࠀ׼୲࢛ۨǈሞሡই೺क़ၳڪፆੇ

ຕ਍৊ႜۨ࿋ǈڦዜ೺߲ڇՎǈُ้ැ๑ᆩ߀ࣷ

փཞዜ೺ऺ໙ڦፆੇࡽޙ੗ీփཞǈ঳ࡕփ੗

੍ǈڞዂۨ࿋ٱဃă

཮3ā၍ႠĂݥ၍Ⴀࠤࢁ޶ቱࠀ୲๖ᅪ཮
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ྺକ༵ߛ੗੍Ⴀǈ࿔၅[5]ݛܔӄ৊ႜ߀৊ǈ֑

ᆩሡই೺क़N߲ዜ೺ຕ਍ڦཥऺኵ৊ႜಒ܏ǈُ้N

ӄݛă࿔၅ࡕ॰ǈॽ኱থᆖၚۨ࿋঳࠲ݴൽኵๆڦ

ዐNኵڦ჋ൽᇑᆶࠀࠀ୲Վࣅଉ˚P၎࠲૴ăړሡই

೺क़˚PኻᆶᅃዖࡽޙǄኟኵई޶ኵǅ้ǈNኵൽኵ

ᇑሡই׼Ⴤዜ೺ຕ၎ཞǈཚิ݀׉ሞ၍Ⴀࢁ޶ኧୟ

ฉǗړሡই೺क़˚P߀ࡽޙՎǈNኵᆌሞ˚P߀ࡽޙ

Վ้ڦዜ೺ຕएإฉ३1ǈཚิ݀׉ሞݥ၍Ⴀࢁ޶

ኧୟฉă

݆ࡽޙፆੇڦ৊߀

एᇀᆶࠀࠀ୲Վࣅଉ˚PࡽޙՎࣅඓۨཥऺዜ೺

N݆ݛڦǈٗ૙ஃฉ঴ਦକݥ၍Ⴀဣཥڦፆੇࡽޙ

๢ᆩႠ࿚༶ăڦ݆

ۅኧୟ֪॔ࢁ޶၍Ⴀݥᆌᆩዐǈײ߾ሞํाڍ

ฉᆴࠤቱ้ǈ˚PՎࣅ൧઄ᇑ܌ୟࠤቱૌ႙Ă܌ୟ

ፆੇٷၭᅜतࢁ޶༬Ⴀڪ਩௢ൎ၎࠲ǈևࠤݴቱׇ

ৠူएᇀ˚PࡽޙՎڦࣅᆫݛࣅӄ٪ሞඍ။ă

ᅜ཮3໯๖ߌᆌۯۉऐྺࢁ޶૩ăۅ֪॔ړMฉ

ᆴǄۉᇸ֨ǅ݀ิ܌ୟࠤቱ้ǈۉᇸၠMدۅ๼ڦᆶ

ऐᆯᇀۯۉᆌߌཞ้ڍই൵๞ǈူװୁۉࢅ୲ࠀࠀ

ገጱገ࠹ۯႠǈփࣷ૬ਗ਼ཕऐǈᆯۯۉऐጒༀገՎ

ăୁۉࢅ୲ࠀࠀᆶࠃ༵ၠݒۅጒༀሏႜǈၠMۉ݀ྺ

ُ้Mۅᆶࠀࠀ୲Վࣅଉ˚Pᆯۉᇸ֨ᆶߌࢅࠀᆌۉ

ཞਦۨăࠌࠀᆶၠݒऐۯ

1ǅڇ၎Ăଇ၎܌ୟࠤቱ้ǈᆯᇀߌᆌۯۉऐ༵

ଭժڟ୲Pံူইࠀࠀᆶۅ୲ǈMࠀࠀᆶၠݒڦࠃ

ࠤݥ୲࢛ۨǈᆯࠀ׼ऐྺକྼۯۉᆌߌǈٷሺၠݒ

ቱ၎׼Ⴤٗۉᇸ֨ဌ๭ీଉǈPၠݒ३ၭժ࣬ްڟ

ᇱኵ޹ৎǈ˚Pࢫ޶ံࡽޙኟǈࢇޙ࿔၅[5]ݴဆڦ

༬ኙăࣅ୲Վࠀࠀᆶࢁ޶၍Ⴀݥ

2ǅෙ၎܌ୟࠤቱ้ǈMۅᆶࠀࠀ୲Pံူইڟ

ଭժၠݒሺٷǈᆯᇀෙ၎܌ୟǈۉᇸ֨ࠀ୲࿮݆ी

Ⴤၠد֨ࢁ޶๼ǈ൐ۯۉऐ࠹Ⴀደॷ३ၭǈPደॷ

३ၭ዁ଭǈ˚PࡽޙփՎǈ๔ዕྺ޶ǈփݥࢇޙ၍

Ⴀࢁ޶ᆶࠀࠀ୲Վࣅ༬ኙă

཮4āߌᆌ电ۯऐࢁ޶ኧୟ

ᆯُ੗ᅜੂ؜ǈएᇀ˚PࡽޙՎࣅඓۨၳڪፆੇ

ऺ໙ڦዜ೺ຕNݛڦӄሞݥ၍Ⴀࢁ޶ኧୟዐ٪ሞᆌ

ᆩඍ။ǈᅺُǈԨ࿔༵؜ᅜ˚PՎࣅ൵๞ඓۨዜ೺

ຕN߀ڦ৊ݛӄă

1ǅړᆶࠀࠀ୲˚Pਨܔኵሺڟ׊ፌٷኮࢫǈැ

ԍ׼փՎǈຫ௽ྺ၍Ⴀࢁ޶ኧୟǈN੗ൽሡই׼Ⴤ

ዜ೺ຕă

2ǅړᆶࠀࠀ୲˚Pਨܔኵ٪ሞံሺࢫ३൵๞ǈ

ຫ௽ྺ࢛ࠀ୲ݥ၍Ⴀࢁ޶ኧୟǈNᆌൽ˚Pਨܔኵፌ

ዜ೺ຕăڦ้ٷ

ኈᄓኤतᆌᆩݠ

ኈᄓኤݠ .1

एᇀMATLAB/ Simulinkݠኈ෉ॲǈٲॺԈࡤ

၍Ⴀݥࢅࢁ޶၍Ⴀࢁ޶Ǆߌᆌۉऐǅኧୟڦဣཥǈ

ڦ୲Pࠀࠀୟ൧઄ူǈᆶ܌ෙ၎ࢅ၎Ăଇ၎ڇԲܔ

Վࣅ൧઄ǈᅜतၳڪፆੇऺ໙঳ࡕă

ᆯ཮4a੗ᅜੂ؜ǈ၍Ⴀࢁ޶ኧୟ֪॔ۅฉᆴࠤ

ቱ้ǈ֪॔ڦڟ֪॔ۅᆶࠀࠀ୲࿘ۨူইǈ˚Pޙ

๔ዕփՎǈZࡽ eํևݴଉR e࢛ٷᇀଭǈࢇޙፆੇޙ

ăࡕ࿋঳ۨڦ݆ࡽ

ᆯ཮4b੗ᅜੂ؜ǈڇ၎Ăଇ၎܌ୟ้ǈ˚Pޙ

ǈཞ้Rࣅ4ዜ೺Վڼሞࡽ eՎྺ޶ǈ঳ࡕփ੗႑ǈ

ᅺُኻీൽ2ڼĂ3ዜ೺঳ࡕǄN=2ǅǈُ้Reǚ0ǈ

ۨ࿋঳ࡕኟඓăෙ၎܌ୟ้ǈᆶࠀࠀ୲Pံইྺ޶

ຕǈժٗ4ڼዜ೺ਸ๔ྼ׼ሞଭኵ޹ৎǈᆯᇀ˚Pޙ

Ⴤዜ೺ຕǈԨ૩ዐNĽ5ǈُ׼փՎǈሶNൽሡༀࡽ

้Reൽኵᆶኟᆶ޶ǈएᇀ˚PࡽޙՎڦࣅፆੇํև݆

฿ၳǗߵ਍߀৊ݛӄǈ˚Pਨܔኵሞ2ڼĂ3ዜ೺ڇ

ࢫኵ٪ሞံሺܔ4ዜ೺ਸ๔३ၭǈ˚Pਨڼሺǈڿۙ

३൵๞ǈُ้Nᆌൽ˚Pਨܔኵፌڦ้ٷዜ೺ຕǈन

N=2ǈُ้Reǚ0ǈۨ࿋঳ࡕኟඓă

ᆯُ੗ᅜ؜ڥ঳ஃǈߵ਍߀৊ڦएᇀ˚PՎࣅ൵

๞ڦፆੇ݆ࡽޙǈీࠕጚඓಒݥ܏၍Ⴀࢁ޶ኧୟڦ

ሡইᇸ࿋ዃă

2. ၄ׇհႚ

཮5໯๖ྺగ၄ׇෙ၎܌ୟࠤቱհႚǈt=0.08 s

ࠀǈᆶٷሺୁۉǈෙ၎گუইۉቱǈෙ၎ࠤิ้݀

३൵ࢫኵ٪ሞံሺܔǈ˚Pਨٷሺࢫ୲Pံ३ၭࠀ

๞ǈຫ௽ྺ࢛ࠀ୲ݥ၍Ⴀࢁ޶ኧୟǗt=0.2 s้ीۉ

ԍۯࢺፕൎࠤأቱኧୟǈෙ၎ୁۉই዁ଭǈᆶࠀࠀ

୲Pᄺই዁ଭǗt=0.21 s้ࠤቱ࣬ްǈෙ၎ۉუ࣬ް

ኟ׉ă
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཮5āࠤቱᆶࠀࠀ୲तၳڪፆੇՎࣅ൧઄

཮6āగ၄ׇݥ၍Ⴀࢁ޶ኧୟෙ၎܌ୟࠤቱհႚ

ǈ݆ࡽޙፆੇڦ൵๞ࣅएᇀ˚PՎڦ৊߀਍ߵ

ǈᅺُN=2ǈُ้Reǚٷኵፌޗଇዜհ้˚Pࢫቱࠤ

0ǈຫ௽ሡইᇸ࿋ᇀ֪॔ۅฉᆴǈۨ࿋঳ࡕኟඓă

සࡕएᇀ˚PࡽޙՎࣅઠಒ܏ǈᆶࠀࠀ୲Pই዁

ଭࢫǈ˚P๔ዕྺ޶ຕǈሞُ೺क़Reൽኵᆶኟᆶ޶ǈ

एᇀ˚PࡽޙՎڦࣅፆੇํև݆฿ၳă

঳ຐᇕ

ፆੇ݆ࡽޙ๟ᅃዖᇱ૙ฉডྺׯຄڦሡইᇸۨ

࿋݆ݛǈएᇀᆶࠀࠀ୲Վࣅଉ˚PࠕీࡽޙᆶၳՐ

๎၍Ⴀဣཥݥࢅ၍Ⴀဣཥዐڦሡইᇸ࿋ዃăݛ޿ڍ

݆࿄੊୯փཞ܌ୟૌ႙Ă܌ୟፆੇᅜतࢁ޶༬Ⴀ൧

઄ူڦ๢ᆩႠǈᆮഄ๟ෙ၎܌ୟࠤቱ้ǈ࢛ࠀ୲ݥ

၍Ⴀࢁ޶ᇑۉᇸኮक़ྜඇ܏ਸǈ࿮݆ኧ׫ᆶࠀࠀ୲

݆ࡽޙፆੇܔฉຎ൧઄ǈܔ༬๺൧઄ăԨ࿔ኍڦ࢛ۨ

৊ႜକ߀৊ǈ༵؜एᇀ˚PՎࣅ൵๞߀ڦ৊ፆੇࡽޙ

݆ăঢ়ݠࡗኈᄓኤࢅ၄ׇհႚݴဆǈ߀৊ࠕీ݆ݛᆶ

ኟඓ୲ăEAڦ၍Ⴀဣཥዐሡইᇸۨ࿋ݥߛ༵ၳ
Ǆ๭ߡන೺ǖ2023-09-11ǅ
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