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❥❡❞♥♦❧✐✈♠✈③♦ ♦✈♠♣ ❦❧❛❞♠③ ♦♣ ❝❡✳◆❛❈❉✱❦❡ ❥❡❦♥♣✐❧♦➽❡♥♦✱❡
♣❛❦♥❛❝❤③❡❥ ♦✉❜♦② ♣❡❞✐❦②❥❡❥✐❝❤③❛❞♥✳

✹



✶✳ ❱ ❝❤♦③ ♠❧✉✈②

◆❡➽♣✐♦✉♣♠❡❦ ❛♠♦♥♠✉ ♠❛ ✉♣ ❝❡✱❥❡ ❡❜❛✉✈ ♥❦♦❧✐❦♣♦③♥♠❡❦
❛③❥❡❞♥♦❞✉➵✉❥❝❝❤♣❡❞♣♦❦❧❛❞✱❥✐❝❤➽❡❜✉❞❡♠❡✈ ❡①✉❞➽❡ ❛❦❡ ♣✐♣❥
❦✈ ➵♣❧②♥✉❧♦ ✐❛ ♦③✉♠✐❡❧♥♦ ✐✈❦❧❛❞✉✳

♦③♥♠❦❛ ✶✳✶✳ ♦❞♣♦❥♠❡♠ ♣ ♥✐❦ ❧❡❛ ✭❦♦♥❦ ♥ ❤❛♥♦❧✉✱✈❧❝❡✱❥❡❤❧❛♥✉
❛❦✉➽❡❧❡✮ ♣ ♠❦♦✉ ✐♦✈✐♥♦✉❜✉❞❡♠❡ ♦③✉♠ ♣ ♥✐❦ ❥❡❤♦♣♦✈❝❤❡♠✱ ❥✳
♣❧➵ ♠❛♣♦❞ ❛✈♦✉ ✐♣♦❞❛✈❛♠✐✳ ♦❞♦❜♥ ❛❦ ❧♦✈♦ ❡③ ③❦ ❝❡♥♥❛❤❛③✉❥❡
♣♦❥❡♠ ❤❛♥✐❝❡ ❡③✉✳ ♥✐❦❡♠❞✈♦✉ ❧❡♣❛❦❜✉❞❡♠❡ ♠②❧❡❦✐✈❦✉✱❦❡ ❥❡
♣ ♥✐❦❡♠❥❡❥✐❝❤♣♦✈❝❤✳

♦③♥♠❦❛ ✶✳✷✳➮❛ ♦❜✉❞❡♠❡♠❧✉✈✐✱③❡❥♠♥❛✈ ♦✉✈✐❧♦✐ ✈✐❞✐❡❧♥♦ ✱♦♦❜✲
②✉ ❧❡❛✳❇✉❞❡♠❡ ♠♠② ❧❡❤❛♥✐❝✐❥❡❤♦♣ ♠ ✉✱ ✐❧✐❥❡❤♦③❞♥❧✐✈ ♦❜②✳

♦③♥♠❦❛ ✶✳✸✳❆❦♦❧✐✈ ❡♣ ❝❡③❛❜✈ ❧❡②✱♥❡❜✉❞❡♠❡✈♥ ♣♦✉➽✈❛ ❡♠♥
❦♦✉❧❡✳❱♦✉❧❛❞✉ ❬✶❪❛❬✷❪❥❡❥♥❛❤❛❞♠❡ ❡♠♥❡♠ ❦✉❧♦✈ ♣❧♦❝❤❛✳

♦③♥♠❦❛ ✶✳✹✳◆❛♦❜ ③❦✉✷✳✷✈✐❞♠❡③❛❞ ♥♣✈♥❤♦♣ ❦❧❛❞✉③♥ ❧❡❞✉❥❝❦❛♣✐✲
♦❧②♥❛ ♦✈❛♥ ✈ ▼♦♥❣❡♦✈ ♣♦♠ ♥✱♦✈➵❡♠ ♣♦♥❦✉❞③✈❧➵♥♠③♥ ③♦♥♥♠

✈✐❞✐❡❧♥♦ ✐♣♠❦②✳❖ ③❦✉✈✐❞✐❡❧♥♦ ✐♣♠❦②✈③❤❧❡❞❡♠❦③❛❞❛♥ ♠✉ ❧❡✉❜✉✲
❞❡♠❡ ❡➵✐ ♥❛③✈ ❦❛➽❞ ❧♦❤②✳❙♥❛❞♥♦✐❧③❡✉✈❞♦♠✐✱➽❡❡✈✐❞✐❡❧♥♦ ♠ ➽❡
♠ ♥✐ ❜✉ ♥❛♦❜②❡ ❧❡❛✱♥❡❜♦✈♣ ♠ ❡❝❤❜♦❞✱✈♥✐❝❤➽♣♠❦❛♣♦✈ ❝❤ ❧❡❛
♣♦♥✳❘♦③❤♦❞♥❦♦♠✉❛❧❡♥❡♠➽❡❞♦❥ ♠✐♠♦♣ ♠ ❧❡❛✳❩♦❤♦♦❞✈♦❞✉
❜✉❞♦✉✈③❛❞♥❝❤②♦❜❧❛ ✐✱✈♥✐❝❤➽♣ ♠ ♣ ♠❦②♣ ♦❝❤③♣❡♣ ♠ ❧❡❛✱
♣❡✈❡♥✐✈♥ ③♥③♦♥♥② ❦♦✈❛♥✳❏❡❡❞② ❡❜❛ ♠ ♣♦❦❛➽❞ ♥❛♣❛♠ ✐✱➽❡

♥❡❥❞❡♦☞♥❧♥♣♦❞♦❜✉✈✐❞✐❡❧♥♦ ✐♣♠❦②✱❛❧❡♣♦✉③❡♦♣ ❛❦✐❝❦♦♣❛ ❡♥✿ ❡✲
✉➵♦✈❛♥ ❛ ❡♥❛❞♥♦❞♦♣❧♥♥❛♣❧♥♦✉✱③❛ ♠❝♦♥❛♦♣❛❦❥❡ ♦❤♦➵✳❩❡❥♠♥❛❥❡

♥✉♥ ♥❛ ♦✉♣♦③♦ ♦✈❛ ✉❞❡♥②♣✐♣♣❛❞♥♠♣♦✉➽✐ ✈❡✈✉❝❡✦❏✐♥❛❦ ♦♠✉❥❡
✉③❛❞♥ ③❞❛❧➵❝❤❦❛♣✐♦❧✱❦❞❡✉➽ ❡✈②❦②✉❥ ❞✈ ❧❡❛✳❚❛❥♦✉♣❡❞ ♦✈❛♥
✈ ❧❡➵❡❞♦✉❜❛✈♦✉✱❦❡ ❡♣✐③✈ ❡♥♠ ❡➵❡♥✈✐❞✐❡❧♥♦ ✐♥❛❞♥♦♣❡❦②❥❡

♥❛♣ ❦❧❛❞ ❡♥❦♠ ❡♥♠☞①❡♠✳

♦③♥♠❦❛ ✶✳✺✳❱③♦♦✈ ♣ ❦❧❛❞②❥♦✉♣✈♦❞♥✳❑❡❦❛➽❞♠✉③♥✐❝❤❥❡♥❛♣ ✐❧♦➽❡✲
♥♠ ❈❉ ❦❞✐♣♦③✐❝✐♣❡❞✐❦✈❡❢♦♠ ✉♣❞❢ ❡③❛❞♥♠✈ ▼♦♥❣❡♦✈ ❛❦♦♦✲
❤❧♠♣ ♦♠ ♥✱❞❧❡❦♦❦♦✈❛♥ ❡➵❡♥✈♦❜♦✉♣♦♠ ♥❝❤❛♣♦ ♦♦✈ ❡➵❡♥✱

♥❡❜♦❛❧❡♣♦ ✸❉♠♦❞❡❧ ✐✉❛❝❡✈②✈♦❡♥ ❡❥♥ ❥❛❦♦❦♦❦♦✈❛♥ ❡➵❡♥✈ ♦❢✲
✇❛✉ ●❡♦●❡❜❛✳❱❥✐♠❦✉✈♦ ❦❛♣✐♦❧②4❛5✱❦❡ ❡✈❦♦♦❤❧♠♣ ♦♠ ♥
♥❡❡➵✱❛♥❦❡ ♦❥❡❞✐♥❧♣ ❦❧❛❞②③❦❛♣✐♦❧2❛3✱✉♥✐❝❤➽❥❡♥❛❡♥♦❢❛❦ ❡♥
✉♣♦③♦♥♥✳

♦③♥♠❦❛ ✶✳✻✳❑♦♦❤❧ ♣ ♠ ②❜✉❞❡♠❡③♥❛✐❜❡③❥❛❦❤♦❦♦❧✐✈✐♥❞❡①✉✳◆❛♣ ✲
❦❧❛❞❦♦♦❤❧ ♣ ♠ ❜♦❞✉A♥❡❜✉❞❡♠❡③♥❛✐♦❜✈②❦❧♠ Ak✱❛❧❡❥❡♥A✳❙❡❥♥
❛❦✈②♥❡❝❤♠❡✐♥❞❡①k✐✉❦♦♦❤❧❝❤♣❞♦② ✳❑♦♦❤❧ ♣❞♦② ❜♦❞✉A❜✉✲

❞❡♠❡♣♦♦③♥❛✐❥❡♥A1✳

♦③♥♠❦❛ ✶✳✼✳❯❦♦♦❤❧❝❤♣ ♠ ❜♦❞ ❧❡➽❝❝❤✈♣❞♦②♥ ♥❡❜✉❞❡♠❡❞♦✲
♣✐♦✈❛✱➽❡❡♦✈♥❛❥ ✈♠❦♦ ♦❤❧♠♣ ❞♦② ♠✳

♦③♥♠❦❛ ✶✳✽✳❇✉❞❡♠❡♣♦✉➽✈❛ ❧❡✈♦♦✐✈♦✉♦✉ ❛✈✉ ♦✉❛❞♥✐❝✳

✺



♦③♥♠❦❛ ✶✳✾✳ ♦ ♥❛❞♥♦✉♦✐❡♥❛❝✐✈ ❡①✉❥❡ ❡❜❛✱❛❜② ❡♥

✲♦✈❧❞❛❧③❦❧❛❞♥♣♦❧♦❤♦✈ ❧♦❤②♦❜♦❞❡❝❤✱♣♠❦ ❝❤❛♦✈✐♥❝❤✈ ▼♦♥❣❡♦✈
❛❦♦♦❤❧♠♣ ♦♠ ♥✱

✲♦✈❧❞❛❧③♣ ♦❜③♦❜❛③❡♥ ❧❡✈ ❝❤♦♣♦♠ ♥❝❤✱

✲✉♠❧♥❛❥ ❡③ ❧❡❛✭❛❦✉❧♦✈ ♣❧♦❝❤②✮ ♦✈✐♥♦✉✱

✲❞♦❦③❛❧ ♦③❧✐➵✐✱❦❡ ✐ ❧❡❛✭♣♣❛❞♥ ❦✉❧♦✈ ♣❧♦❝❤②✮❥♦✉✱❛❦❡
♥❛♦♣❛❦♥❡❥♦✉✈✐❞✐❡❧♥ ✈❞❛♥♠♣ ♠ ✉✳

♦③♥♠❦❛ ✶✳✶✵✳❱➵❡❝❤♥❛ ❧❡❛✱❦❡ ❡♦❜❥❡✈✉❥ ✈❡✈③♦♦✈❝❤♣❦❧❛❞❡❝❤✱ ❡
♥❛❝❤③❡❥✈♣✈♥♠❦✈❛❞ ❛♥✉✳❱ ♦✉❧❛❞✉ ❡③❦♦✉♠❛♥♦✉❧✐❡❛✉♦✉♠❧❦②♣❡❞✲
♣♦❦❧❞♠❡✱➽❡z✲♦✈ ♦✉❛❞♥✐❝❡♣✈❦ ③❛❞❛♥❝❤❥❡❥✐❝❤✈➵❦♦✉✭♥❛♣❦❧❛❞✈❝❤♦❧✉
❥❡❤❧❛♥✉✐ ❡❞✉❤♦♥♣♦❞ ❛✈②✈❧❝❡✮✱❥♦✉❦❧❛❞♥✳

✻



✷✳ ♥✐❦♣ ♠❦② ❧❡❡♠

♦ ❡❜❛ ❡➵✐ ❧♦❤✉♦♣ ♥✐❦✉❞✈♦✉ ❧❡♥ ♣✐✈❡❞❡❦♣♦❜❧♠✉♣ ♥✐❦✉
❥❡❞♥♦❤♦③ ❝❤♦ ❧❡ ❤❛♥♦✉ ✐ ❡❦♦✉❧❡➽❝♥❛♣♦✈❝❤✉❞✉❤❤♦✳❘♦③✉♠♠❡

♠❥❛❦♥❛❧❡③❡♥ ♣♦❧❡♥❝❤❜♦❞ ♣ ♠❦②❛ ❧❡❛✱ ❛❦✈②③❛♥❡♥ ✈✐❞✐❡❧♥♦ ✐
♣ ♠❦②✈③❤❧❡❞❡♠❦ ❧❡✉✳❱❞❛♥♠❦♦♥ ❡①✉❥❞❡♦③ ❛❞♥♣♦❜❧♠✱♣ ♦♦ ♠✉
✈♥✉❥❡♠❡ ❛♠♦ ❛♥♦✉❦❛♣✐♦❧✉✳

▼ ♠❡ ❡❞②❡➵✐ ❧♦❤✉♦♣ ♥✐❦✉♣ ♠❦② ♣♦✈❝❤❡♠♥❥❛❦❤♦ ❧❡❛✳❖❜❡❝♥
♥❡❥❞❡♦♥✐❝ ❧♦➽✐❤♦✿❙❛ ♥❛❥ ❡③③❛❞❛♥❤♦ ❧❡❛❧✐❜♦✈♦❧♥♦✉♦✈✐♥♦✉✱❦❡ ♦♥✉
♣ ♠❦✉♦❜ ❛❤✉❥❡✳ ❡③❡♠❜✉❞❡♣♦❞❧❡②♣✉ ❧❡❛❜✉ ✉③❛✈❡♥ ❧♦♠❡♥ ❛✱♥❡❜♦
❦✐✈❦❛✭❡❞②♦❦❛❥♠♥♦❤♦❤❡❧♥❦❛♥❡❜♦♥❛♣ ❦❧❛❞❦✉➽❡❧♦❡❦❛✮✳✶ ❡➵❡♥♥ ❧❡❞♥
♥❛❥❞❡♠❡❥❛❦♦♣ ♥✐❦ ❛❦♦✈③♥✐❦❧❤♦ ❡③✉❡③❛❞❛♥♦✉♣♠❦♦✉✭♦❜ ③❡❦✷✳✶✮✳

❖❜ ③❡❦✷✳✶

♦❞♦❜♥❥✐ ✐❡♥♦♣♦ ✉♣♣♦♣➵❡♠❡③✈❧➵➺♣♦❥❡❤❧❛♥②❛❦✉➽❡❧②✱❤❛♥♦❧②
❛✈❧❝❡❛❦♦♥❡♥ ♣♦❦✉❧♦✈♦✉♣❧♦❝❤✉✳

✷✳✶ ❏❡❤❧❛♥②❛❦✉➽❡❧②

❦❧❛❞✷✳✶✳◆❛❥❞ ❡♣ ♥✐❦♣ ♠❦② a ♦❥❜♦❦♠❥❡❤❧❛♥❡♠ ABCV ✭♦❜ ③❡❦
✷✳✷✮✳

♠❦❛ a❥❡❞❛♥ ❜♦❞②R =[7;1;4,5]❛Q =[−2;4,5;1]✳❱❝❤♦❧②❥❡❤❧❛♥✉ ♠❛❥
♦✉❛❞♥✐❝❡A=[0;1;0]✱B=[6;2;0]✱C=[4;6;0]❛V=[4;3;7]✳

❱❤♦❞♥ ♣❛❛♠❡ ②♣♦ ♦✈♥✈❦♦♦❤❧♠♣ ♦♠ ♥✿ω=145◦✱q= 3
4

❡➵❡♥✿◆❛③❛ ❡❦❥❡ ❡❜❛♣♦❧♦➽✐ ♣ ♠❦♦✉ a❧✐❜♦✈♦❧♥♦✉♦✈✐♥✉✭♦❜ ③❡❦✷✳✸✮✳
❩❤❧❡❞✐❦❛ ❡➵❡♥♦♣❛✈❞✉♥❡③❧❡➽♥❛ ♦♠✱❥❛❦♦✉ ♦✈✐♥✉ ✐③✈♦❧♠❡✳❱♦❧♠❡♣ ♦♦
❛❦♦✈♦✉✱❦❡ ❥❡✈❤♦❞♥ ③❤❧❡❞✐❦❛▼♦♥❣❡♦✈❛♣♦♠ ♥✱✈♥♠➽ ❡♣♦❤②❜✉❥❡♠❡✱
❡❞②❥❡❞♥✉③♣♦♠❛❝❝❤ ♦✈✐♥♣♠❦② a✱♥❛♣❦❧❛❞♣✈♥✳✷ ✈♥ ♣ ♠ ♦
♦✈✐♥②ϕa ♣❧✈ ♣✈♥♠♣ ♠ ❡♠♣♠❦②a✳

❉ ❧❡❤❧❡❞♠❡ ❡③ ❧❡❛ ♦✈✐♥♦✉ϕa✳❏❡❤♦♣❞♦②❡♠❥❡ ❡❦❛♦❤❛♥✐❡♥
❜♦❞②I❛III✱❦❡ ♣♦❧✉ ❜♦❞❡♠II✈③♥✐❦❧②❥❛❦♦♣ ❡❦②♣ ♠❦②ϕa

1 ♣❞♦②②

✶❙❛♠♦③❡❥♠ ♠♦❤♦✉♥❛ ❛ ❛❦ ♣❡❝✐❧♥♣ ♣❛❞② ②♣✉❜♦❞✱♣ ♠❦❛✱♣ ③❞♥ ♠♥♦➽✐♥❛❛♣♦✲
❞♦❜♥✳❚♠✐ ❡✈ ♦♣ ❝✐❛❧❡♥❡❜✉❞❡♠❡③❛❜✈❛✳

✷ ♦✉➽✐ ❞✉❤ ♣♦♠ ❛❝ ♦✈✐♥②❥❡ ❛♠♦③❡❥♠ ❛❦ ♠♦➽♥ ✳❩❞❡❦♦❦♥❦ ♥ ❡❛❧❡♥❡❞♦♣♦✉✲
✉❥❡✱♥❡❜♦➺✈❡❞❡❦♣ ❡ ❦♠✈③♥✐❦❧ ♠♣♦❞ ♠❛❧ ♠ ❤❧❡♠✱❛③ ♦❤♦♣❧②♥♦✉❝♠♥❡♣ ❡♥♦ ❡♠✳

✼









❚✐♣✿ ◆❛ ♣ ♠❝❡ k❤❧❡❞♠❡♣ ❞♦②♥ ♦♣♥❦✳ ✐✈♦❧❜ ❜♦❞✉K ❥❡♣♦♦
❞♦❜ ③❛♥❛ ❞✉❤♠♣ ♠ ❡♠✳ ♠ ②❜♦❞✉Pk ❛❦♥❛❞♥♦✉❞➽♠❡✈♠❡③❝❤
♣❛♣ ✉✳

◆②♥ ♠ ➽❡♠❡❡ ♦❥✐ ♣❞♦② ❡③✉❦✉➽❡❧❡♦✈✐♥♦✉α✳❇✉❞❡❥♠❧♦♠❡♥ ❛
I✲V1✲II✱❥❡❥➽✈❝❤♦❧②I❛II❥♠❡③ ❦❛❧✐❥❛❦♦♣ ❡❦②♣❞♦②♥ ♦♣② ♦✈✐♥②
α ♣♦❞ ❛✈♥♦✉❦✉➽♥✐❝✳ ▼♠❡✲❧✐♣ ❞♦② ❡③✉✱♥❛❥❞❡♠❡ ♥❛❞♥♦♣❞♦②②X1

❛Y1❜♦❞ ♣ ♥✐❦✉♣ ♠❦②m ❦✉➽❡❧❡♠✱❛ ✐❝❡❥❛❦♦♣ ❡❦②m1 ❡❦❛♠✐IV1

❛IIV1✳◆❛♣ ❧✉➵♥❝❤♦❞✐♥❧❝❤❛♥❛♣♠❝❡m2♣❛❦❤❧❡❞❡❥♠❡❥❡❥✐❝❤♥ ②②X2

❛Y2✳
❩❜✈ ♦♣ ♦③❤♦❞♥♦✉ ♦✈✐❞✐❡❧♥♦ ✐♣♠❦②m✈③❤❧❡❞❡♠❦❡❦✉➽❡❧✐✳❏✐➽✈♠❡✱

➽❡✈♦♠♦♠② ❧✉③❛❞♥❥♦✉ ❡❦②♠❡③✐♣ ♠ ②❜♦❞ X❛Y❛♦❜②❡♠ ❧❡❛✳
❱♣ ❞♦②❡❜✉❞♦✉♦❜ ②♦ ❡❦②✈✐❞✐❡❧♥✱♣♦♦➽❡❥♦✉✈✐❞✐❡❧♥✐❜♦❞②X ❛Y✱
❛♣♠❦❛ ❡③❞❡♣♦♦♥❛❝❤③ ♥❛❞ ❦✉➽❡❧❡♠✳❙❡❥♥ ♦✈ ♦♠♦♣♣❛❞ ✈②♣❛❞
✐✈♥②❡✳❇♦❞②X ❛Y❥♦✉✐③❞❡✈✐❞ ✱♥❡❜♦➺❧❡➽✈ ♣❡❞♥ ④✈✐❞✐❡❧♥ ✐
♣❧➵ ❦✉➽❡❧❡✳❚②♦ ❡❦②♣♠❦②m ❥♦✉ ❡❞②③♥❛➵❡❤♦♣♦❤❧❡❞✉ ♣❡❞ ❦✉➽❡❧❡♠✱
❛✈♥ ②❡❡❞②✈✐❞✐❡❧♥✳

❜

✐❡➵❡♥♣❡❞❝❤♦③❤♦♣ ❦❧❛❞✉❥♠❡♥❛ ❛③✐❧✐♥❛♣♦❜❧♠ ♣♦✉➽✐ ♠♣ ♦♠❛❝
♦✈✐♥②✳◆❛➵❧✐❥♠❡❛❧❡❥✐♥ ②♣ ♦✈✐♥②✱❦❡ ❥❡♣♦ ❡➵❡♥ ❡❥♥ ✈❤♦❞♥✳ ♦✉➽✐

♦ ③✈✳✈❝❤♦❧♦✈ ♦✈✐♥② ♠➽❡♠❡♣♦✈❛➽♦✈❛ ❞♦❦♦♥❝❡③❛✈❤♦❞♥❥➵✱❛♦❞❦②
❥❡❥♦❜❡❝♥♦ ✐✿❏❡❞♥❛❦♦✐➽♣❡❞♥♦ ✐✈❝❤♦❧♦✈ ♦✈✐♥②♥❡③✈✐❡❥♥❛♣♦♠ ♥✱
✈♥♠➽♣ ❦❧❛❞ ✉❥❡♠❡✳❆❥❡❞♥❛❦④❥❛❦✉➽✈♠❡④❥✐❧③❡❦ ♦♠ ❥❡❤❧❛♥ ❞♦❜❡
♣♦✉➽ ✐♥❛❦✉➽❡❧②✱♥❡❜♦➺❥❡❥✐❝❤❡③♥❡♥♥✐❦❞②❛♥✐③ ✐✈♦❡♥ ❡❣✉❧ ♥ ❦✉➽❡✲
❧♦❡❦♦✉✱❛❧❡♣♦✉③❡ ❡❦❛♠✐✳

▼❡③✐♣ ❦❧❛❞②③✉❡❜♥✐❝✱❦❡ ❡♥❛❦♦♥❝✐ ♦❦❛♣✐♦❧②♦❜❥❡✈✱❥♦✉✐ ❛❦♦✈✱
❦❡ ❡♦❞♣❡❞❡➵❧❝❤❞✈♦✉✈③♦♦✈❝❤❧✐➵♥❛♣ ❦❧❛❞✉♠ ♥♠♣♦❞ ❛✈② ❧❡❛
♠ ♦♣❞♦②♥②❞♦♥ ②♥②✱ ✐❞♦❦♦♥❝❡❞♦♦❜❡❝♥ ♦✈✐♥②✳ ❉❛❧➵ ♦❞❧✐➵♥♦ ❧③❡
♣❛ ♦✈❛ ✈ ♦♠✱➽❡ ♠✐ ♦ ❧❡② ❛ ♦❜✈❛❥ ❦♦ ❦✉➽❡❧②❛❥❡❤❧❛♥②♥❛♠ ♦

♣ ♠ ❝❤✳❏❡ ❡❜❛③♠♥✐✱➽❡♣♦♣❛♥ ❡➵❡♥❥❡✐✈❛❦♦✈❝❤♦♣♣❛❞❡❝❤❝♦❞♦
♣✐♥❝✐♣✉♥❛♣♦ ♦ ❡❥♥✳❯✈❡♠❡ ✐❥❡③❞❡♣♦♦✈❥❡❤♦♦❜❡❝♥ ♣♦❞♦❜✿

✶✳❩❛❞❛♥♦✉♣♠❦♦✉♣ ♦❧♦➽♠❡✈ ❝❤♦❧♦✈♦✉♦✈✐♥✉✳

✷✳ ◆❛❥❞❡♠❡♣ ❡♥✐❝✐✈❝❤♦❧♦✈ ♦✈✐♥②❛ ♦✈✐♥②✱✈♥➽❧❡➽♣♦❞ ❛✈❛✳

✸✳❙❡ ♦❥♠❡ ❡③ ❧❡❛✈❝❤♦❧♦✈♦✉♦✈✐♥♦✉✳

✹✳ ◆❛❥❞❡♠❡❜♦❞②♣ ♥✐❦✉♣ ♠❦②❛ ❡③✉✱♣♦❛➽♠♦♣♠❦②❛ ❧❡❛✳

✺✳ ❱②❡➵♠❡✈✐❞✐ ❡❧♥♦ ♣ ♠❦②✈ ✐ ❧❡✉✳

♦ ♣❧♥♦ ❡❥❡➵ ✈❛➺♠❡❦♣❦❧❛❞✉✷✳✶❛✈②❡➵♠❡❥❡❥♣♦♠♦❝✈❝❤♦❧♦✈
♦✈✐♥②✭♦❜ ③❡❦✷✳✺✮✳❯❦➽❡♠❡✐♣✐♦♠③ ♦✈❡ ❥✐♥③♣ ♦❜✱❥❛❦♠❧③❡❞♦❤❧❡❞❛

❥❡❥♣❞♦②♥♦✉ ♦♣✉✳✻

♠❦✉k❥♠❡ ❡♥♦❦ ✈♦❧✐❧✐❥❛❦♦♦✈♥♦❜➽❦✉ ♣❞♦②♥♦✉✈❝❤♦❧❡♠V✱❛❜②
♠♦❤❧❛❤ ♦❧✐❤♦✐③♦♥❧♥❤❧❛✈♥♣ ♠❦②✈ ❝❤♦❧♦✈ ♦✈✐♥②✳❚♦③♥❛♠❡♥✱➽❡❥❡❥
♥ ② k2❥❡♦✈♥♦❜➽❦❛ ❡③❦❧❛❞♥✐❝ x12♣♦❝❤③❡❥❝❜♦❞❡♠V2✳◆② ❜♦❞✉K
③❞❡✈③♥✐❦ ❡♣✈❡❥❛❦♦♣ ❡❦♥ ② ♣ ♠❡❦k❛m✳❙♣♦❥❡♥♠❥❡❤♦♣ ❞♦②✉K1

✻❚❡♥♦♣♦ ✉♣ ♠ ✈❥✈③♥❛♠♣♦✉③❡✈ ▼♦♥❣❡♦✈ ♣♦♠ ♥✳ ❑♦❦♦✈❛♥ ❡➵❡♥ ♣ ❦❧❛❞✉
✈❦♦♦❤❧♠♣ ♦♠ ♥ ❡❥♥ ❥❛❦♦✸❉❡➵❡♥ ❡❞②♦❜❛❤✉❥❡ ❡❥♥ ③♣ ♦❜❤❧❡❞♥ ♣❞♦②♥

♦♣②✈❝❤♦❧♦✈ ♦✈✐♥②✱❥❛❦ ❜②❧♣❡❞✈❡❞❡♥✈♣❦❧❛❞✉✷✳✷✳

✶✶















❛♣♦♠♦❝♥✐❝❤♥ ②♥♦✉ ♦♣✉♠ ♦✈ ♦✈✐♥②α✱❦❡ ❥❡ ♠✐ ♦♣♠❦❛♠✐✉ ❡♥❛✳
❘♦✈♥♦❜ ➽♥❦✱❦❡ ❥❡❡③❡♠✈❧❝❡♦✈✐♥♦✉α♥❛❥❡❤♦♣♦✈❝❤✉✈②♥❡❧♦♠❡♥♦✉

✉I✲II✲III✲IV✲I✱✈♥➽❥❡ ❡❦❛I✲II♣ ♥✐❦❡♠ ♦♣②nα ♣♦❞ ❛✈♦✉❧❡➽❝
✈♥ ②♥✳ ❡❦②♣ ♠❦② a2 ♥ ②② ❡❡❦II✲III❛III✲IV❥♦✉♥ ②②
❤❧❡❞❛♥❝❤❜♦❞ X ❛Y✳❏❡❥✐❝❤♣❞♦②②❞♦❤❧❡❞♠❡♥❛♣ ❞♦②✉♣ ♠❦②a✳

◆❛③ ✈ ✈②③♥❛ ♠❡✈✐❞✐ ❡❧♥♦ ♣ ♠❦②a✳◆② ❜♦❞✉X❧❡➽♥❛✈✐❞✐❡❧♥ ✐
♣ ♠ ✉✈❧❝❡✱♣♦♦❜✉❞❡♥ ② ♣ ♠❦②a✈✐❞✐❡❧♥ ❛➽❦❜♦❞✉X2✳◆❛♣♦✐♦♠✉
❜♦❞Y✈❡✈✐❞✐❡❧♥ ✐✈❧❝❡♥❡❧❡➽✱♣♦♦♣❡ ❛♥❡❜ ♣ ♠❦❛a✈♥ ②❡✈✐❞
✉➽♣✐♣❡❝❤♦❞✉♣❡ ♦❜② ✈❧❝❡✳❱♣❞♦②❡❞♦♣❛❞♥❡✈✐❞✐❡❧♥♦ ✈♦❦♦❧ ♦❜♦✉
❜♦❞ ❡❥♥✳❏❛❦X✱❛❦Y ❡♦✐➽♥❛❝❤③❡❥✈❡ ♣♦❞♥ ✐✈❧❝❡✱♦③♥❛♠❡♥
✈ ❥❡❤♦ ✐✱❦❡ ♥❡♥ ♣✐♣♦❤❧❡❞✉❤♦❛✈✐❞ ✳◆❛♣❞♦②❡♣♠❦② a♣♦♦
③ ❛♥❡ ❦♦✈❛♥ ❝❡❧ ❥❡❤♦ ✱❦❡ ❡♥❛❝❤③✉✈♥✐ ♦❜②✉✈❧❝❡✳

❚❡♥♦♣❦❧❛❞❥❡③ ❛❦♦✈❝❤✱✉♥✐❝❤➽❥❡✈❤♦❞♥ ✈✐❞✐❡❧♥♦ ③❛❞❛♥ ♣ ♠❦②
❦♦♠ ❥❡❥❤♦✈②③♥❛❡♥ ✈♦❜ ③❦✉♣♦♣❛ ✐❧♦✈♥✳ ❡❦② ♠❡③✐❜♦❞②♣ ♥✐❦✉
❛♦❜②❡♠✈❧❝❡❥♦✉ ♦✐➽✈♣❞♦②❡❛❦♠❛❧✱➽❡❧③❡♥❛♥✐❝❤✈✐❞✐❡❧♥♦ ❞♦ ❛✲
❡♥ ♥③♦♥ ③❛③♥❛✐❥❡♥ ➽✳

❜

❱♣ ❦❧❛❞❡❝❤✷✳✹❛✷✳✺❥♠❡ ✐✉❦③❛❧✐♣♦ ✉♣♣✐❤❧❡❞♥ ♣ ❡❦✉♣ ♠❦②
❤❛♥♦❧❡♠❛✈❧❝❡♠✈❥❡❤♦♦❜❡❝♥♣♦❞♦❜✳❉❛❧➵③♦❜❡❝♥♥♣♦ ❧❡❛ ♣♦❞ ❛✲

✈❛♠✐✈♦❜❡❝♥❝❤ ♦✈✐♥❝❤ ❡♣♦♥❛❤❛③❡♥ ✈❝❤♦❧♦✈ ♦✈✐♥② ♠ ♦✈♦✉♥❡❧✐➵ ♦❞
♣♦♣✐✉♣♦❥❡❤❧❛♥②❛❦✉➽❡❧②♥❛ ❛♥ ✾✳ ♦❞✈❡❥♠❡ ❡✈➵❛❦♥❛♥❦❡ ♣❡❝✐❧♥
♣ ♣❛❞②✳

❦❧❛❞✷✳✻✳◆❛❥❞ ❡♣ ♥✐❦♣ ♠❦②a❛❦♦❧♠❤♦ ♦❥❜♦❦❤♦❤❛♥♦❧✉ABCA′B′C′✳
♦❞ ❛✈❛❤❛♥♦❧✉❧❡➽❝✈♥ ②♥ ♠ ✈❝❤♦❧②A=[5;0;1]✱B=[1;0;6,5]❛C=

[−3;0;3,5]✳❱➵❦❛❤❛♥♦❧✉❥❡✶✷✳ ♠❦❛a❥❡❞❛♥❜♦❞②R=[−4;12;1,5]❛Q=
[4,5;12;5,5]✳
❱❤♦❞♥ ♣❛❛♠❡ ②♣♦ ♦✈♥✈❦♦♦❤❧♠♣ ♦♠ ♥✿ω=130◦✱q= 5

6

❡➵❡♥✭♦❜ ③❡❦✷✳✶✷✮✿❩❛❞❛♥ ❤❛♥♦❧❥❡❦♦❧♠ ❦♥ ②♥✱♣♦♦ ❡❡➵❡♥✈ ❛③♥
③❥❡❞♥♦❞✉➵✳❙♠♦✈ ♦✈✐♥❛✱❦❡♦✉❝❤❝❡♠❡♣♦❧♦➽✐ ♣ ♠❦♦✉ a✱❥❡♦✐➽③♦✈❡
❥❡❥❞✉❤♦✉♣♦♠❛❝ ♦✈✐♥♦✉ϕa✱❛❥❡❥❞✉❤ ♣ ♠ ϕa

2♣♦♦ ♣❧✈ ♥ ②❡♠
♣ ♠❦②a✳◆②❡♠❡③✉❤❛♥♦❧✉ ♦✈✐♥♦✉ϕa❥❡♣❛❦ ❡❦❛I✲II✱❥❡❥➽❦❛❥♥❜♦❞②
❥♦✉♣ ❡❦②♣ ♠❦② a2 ❡ ❛♥❛♠✐ ♦❥❤❡❧♥❦❛A2B2C2✳❩♦✈❡ ②♦❜♦❞②
♣❧✈❛❥✐ ♥ ②②❤❧❡❞❛♥❝❤❜♦❞ X ❛Y✳ ❡③❡♠✱❦❡ ❡♣✐♣♦❤❧❡❞✉③❡♣❡❞✉

❥❡✈❥❛❦♦ ❡❦❛I✲II✱❥♦✉♣✐♣♦❤❧❡❞✉❤♦❛✭✐✈❡ ❦✉❡♥♦ ✐✮ ❛♥②♦❜❞❧♥❦❛
I✲II✲III✲IV✳❏❡❥✐❝❤♣ ❡❦② ♣ ♠❦♦✉a1♣♦♦♠✉ ✉❥♣❞♦②②❜♦❞ X ❛Y✳

❩❜✈ ♦♣ ✉ ✐✈✐❞✐❡❧♥♦ ♣ ♠❦② a✳ ❱♥②❡♣❛❦✐❝❦②♥❡♠✉♠❡❞ ❧❛
✈❜❡❝♥✐❝✿➮ ✐♣♠❦②a2✱♥❛♥➽❡♥❛③❦❧❛❞ ❞ ✈❡ ❡❡♥❤♦♣✐❡➵❡♥✈✐❞✐❡❧✲
♥♦ ✐♦✉ ❡❞♠❡✱③❞❡ ♦✐➽♥❡❥♦✉✳ ♠❦❛a ❡❞②✈♥ ②❡♥❡♥✈✐❞ ♣♦✉③❡♠❡③✐
♣ ♠ ②❜♦❞ ♣ ♥✐❦✉✳❱♣❞♦②❡✈➵❛❦♠✉♠❡✉✈❛➽♦✈❛ ❦❧❛✐❝❦♠③♣ ♦❜❡♠✿
❇♦❞X ❧❡➽✈❡ ♥ CAC′A′✱❦❡ ❥❡♣✐♣♦❤❧❡❞✉❤♦❛ ❧❡❡♠③❛❦②❛✱❛♥❡♥
❡❞②✈✐❞ ✳◆❡❜✉❞❡❛❦✈✐❞ ❛♥✐ ♣ ♠❦②a1♠❡③✐♦❜ ②❡♠❤❛♥♦❧✉❛❜♦❞❡♠

X1✳❙♥❛ABA′B′✱✈♥➽❧❡➽❜♦❞Y✱✈➵❛❦❤♦❛✈✐❞ ❥❡✳ ♠❦✉ a③❞❡♣♦♦
✉✈✐❞♠❡❛➽♣♦❜♦❞Y✳

❜

❦❧❛❞✷✳✼✳◆❛❥❞ ❡♣ ♥✐❦♣ ♠❦②a ♣ ♠ ♠✈ ❧❝❡♠✳
❉♦❧♥ ♣♦❞ ❛✈♦✉✈❧❝❡✱❦❡ ❧❡➽✈♣❞♦②♥✱❥❡❦✉➽♥✐❝❡ ❡ ❡❞❡♠S=[2;6;0]
❛♣♦❧♦♠ ❡♠✹✳❱➵❦❛✈❧❝❡❥❡✶✵✳ ♠❦❛ a♣♦❝❤③❜♦❞②A=[3;3;4]❛B=
[−3;2,5;8,5]✳

✶✽



















✸✳ ❉✈ ❤❛♥❛ ❧❡❛

❱ ♦❦❛♣✐♦❧❡❡❜✉❞❡♠❡③❛❜✈❛ ♠❡ ♦❞❛♠✐❤❧❡❞♥♣ ♥✐❦✉❞✈♦✉❤❛♥❛ ❝❤
❧❡✳❩❛♠ ♠❡ ❡③✈❧➵➺♥❛❞✈❛❥❡❤❧❛♥②✱❥❡❤❧❛♥ ❤❛♥♦❧❡♠❛❞✈❛❤❛♥♦❧②✳

♥✐❦❡♠❞✈♦✉❤❛♥❛ ❝❤ ❧❡✈♣✈♦❞♥♠ ♠② ❧✉❧♦✈❛ ♠➽❡❜ ❜✉ ♣ ✲
③❞♥ ♠♥♦➽✐♥❛✱❜♦❞✭ ♣♦❧❡♥ ✈❝❤♦❧✱✈❝❤♦❧❥❡❞♥♦❤♦ ❧❡❛❧❡➽❝♥❛♣♦✈❝❤✉❞✉✲
❤❤♦♥❡❜♦♣ ❡❦❤❛♥③ ③♥❝❤ ❧❡✮✱ ❡❦❛✭ ❧❡❛ ♠❛❥ ♣♦❧❡♥♦✉❤❛♥✉✱
♥❡❜♦❤❛♥❛❥❡❞♥♦❤♦❧❡➽✈❡ ♥ ❞✉❤❤♦✮✱n✲❤❡❧♥❦✭♣♦❧❡♥ ❞✈♦✉❞♦ ✲
❦❛❥❝❝❤❡ ♥✮✱♥❡❜♦♠♥♦❤♦ ♥✳◆ ❜✉❞❡✈ ♦♣ ❝✐③❛❥♠❛ ♣ ✈ ♣♦❧❡❞♥
❥♠❡♥♦✈❛♥♣ ♣❛❞✳◆❛✈❝✈❞✉❝❤✉♣♦③♥♠❦②✶✳✶③ ✈♦❞✉♣ ❝❡❛❛❦ ✈ ♦✉❧❛❞✉

✈❡➵❦❡♦✉❧✐❡❛✉♦✉✉✈❡❞❡♥♦✉♥❛❥❡❥♠❦♦♥❝✐♥❡❜✉❞❡♠❡♣♦❞♣♦❥♠❡♠♣ ♥✐❦✉
❞✈♦✉❤❛♥❛ ❝❤ ❧❡ ♦③✉♠ ❝❡❧ ♠♥♦❤♦ ♥✱❛❧❡♣♦✉③❡♣♦ ♦♦✈♦✉❧♦♠❡♥♦✉

✉✱❦❡ ✈♦ ♣ ♥✐❦♣❧➵➺ ♦❜♦✉ ❧❡✳ ❱❝❤♦❧② ♦❧♦♠❡♥ ②❥♦✉♣❛❦
✈♦❡♥②♣ ❡❦②❤❛♥❥❡♥♦❤♦ ❧❡❛ ❞✉❤♠✱❦♦♥❦ ♥ ♥❦❡♦✉❥❡❤♦ ✲

♥♦✉✳ ✈ ♥❛❧❡③❡♥ ❝❤♦✈❝❤♦❧ ❜✉❞❡✭♣♦❧✉ ❡➵❡♥♠✈✐❞✐ ❡❧♥♦ ✐♣ ♥✐❦♦✈
②✐ ❧❡✈ ✐♦❜ ♥❛✈③❥❡♠✮ ➽❡❥♥♠ ❦♦❧❡♠ ♦❦❛♣✐♦❧②✳

✭❛✮ ✭❜✮ ✭❝✮ ✭❞✮

❖❜ ③❡❦✸✳✶

❘♦③❧✐➵✉❥❡♠❡♥ ❦♦❧✐❦ ②♣ ♣ ♥✐❦✉✿ ♦❦✉❞✈➵❡❝❤♥②❜♦♥❤❛♥②❥❡❞♥♦❤♦ ❧❡❛
♣♦♥❛❥ ❞✉❤ ❧❡♦✭③❦ ❝❡♥ ❦♠❡✱➽❡ ❡ ❛ ♥ ♣ ♥✐❦✉✮✱❥❞❡♦♣ ✲
♥✐❦ ♣❧♥ ✭♦❜ ③❡❦✸✳✶❛✮✳❊①✐ ✉❥❡✲❧✐♥❛❦❛➽❞♠③ ❧❡❜♦♥ ❤❛♥❛✱❦❡ ❡
♣ ♥✐❦✉♥❡ ❛ ♥✱ ❦♠❡✱➽❡❥❡ ♣ ♥✐❦ ❡♥ ✭♦❜ ③❡❦✸✳✶❜✮✳◆❛♣♦♠❡③

❝❤♦❞✈♦✉♣♣❛❞ ♦❥ ✐✉❛❝❡③♥③♦♥♥ ♥❛♦❜ ③❦✉✸✳✶❝✿❉✈ ❤❛♥②♣ ❧✉✲
➵❝ ③♥♠ ❧❡ ♠ ❡③❞❡♣♦♥❛❥✈ ③✈✳❞✈♦❥♥ ♠❜♦❞ ✱❛♣ ♥✐❦ ❛❦♥❡♥❛♥✐

❡♥✱❛♥✐♣❧♥✳✶ ♦③✈❧➵♥♣ ♣❛❞ ♣❧♥❤♦♣ ♥✐❦✉✱❦❞② ❡♣ ♥✐❦✉ ❛ ♥
✈➵❡❝❤♥②❜♦♥❤❛♥②③♦❜♦✉ ❧❡✱❥❡✈❬✹❪♥❛✈❝③❛✈❡❞❡♥♣♦❥❡♠❞♦❦♦♥❛❧ ♣ ✲
♥✐❦✭♦❜ ③❡❦✸✳✶❞✮✳

❧❛ ❛❦✿ ♥✐❦❞✈♦✉❤❛♥❛ ❝❤ ❧❡ ✈♦ ♣♦✉③❡❥❡❞♥❛✉③❛✈❡♥ ❧♦♠❡♥
❛✱❥❡✲❧✐❥❡❥✐❝❤♣ ♥✐❦ ❡♥ ♥❡❜♦❞♦❦♦♥❛❧✳❱②❦②✉❥❡✲❧✐ ❡✈♣ ♥✐❦✉❞✈♦❥♥

❜♦❞✱❥❡ ❡♥♦❜♦❞ ♣♦❧❡♥ ❞✈♠❛❧♦♠❡♥ ♠ ❛ ♠♣ ❡❞ ❛✈✉❥❝♠♣ ♥✐❦✱❦❡
❥❡❛❦♣♦❞♦❜♥ ❤❛♥❛ ♣♦ ♦♦✈ ♦♠✐ ❝❡✳❑♦♥❡♥ ✈♣ ♣❛❞ ♣❧♥❤♦♣ ♥✐❦✉✱
❦❡ ③ ♦✈❡ ♥❡♥ ♣ ♥✐❦❡♠❞♦❦♦♥❛❧♠✱ ❡♣ ♥✐❦♦✈ ❧♦♠❡♥ ❛ ♦③♣❛❞ ♥❛
❞✈ ❛♠♦ ❛♥ ✉③❛✈❡♥ ✐✳

❑♦♥❦ ♥♠✉♣♦ ✉♣✉♣✐❤❧❡❞♥♣ ♥✐❦♦✈ ②❡❜✉❞❡♠❡❞❧✈♥♦✈❛ ③✈❧➵➺
✈❥❡❞♥♦❧✐✈❝❤♣♦❞❦❛♣✐♦❧❝❤✳

✶◆ ❦❞② ❡♥❛♦♣❛❦✉✈❞✱➽❡❥❡ ♣❧♥ ✐ ❡♥ ③ ♦✈❡✱✈✐③♥❛♣✳❬✼✱ ✳✶✽✹❪

✷✼







♦③♥❛❡♥❛♥③✈❡♠♦❤♦✈❤♦❦❛❥♥❤♦❜♦❞✉✱❦❡ ♥❡♥❤❧❛✈♥♠✈ ❝❤♦❧❡♠❥❡❤❧❛♥✉✳
❙❡❥♥♠③♣ ♦❜❡♠❥♦✉♦③♥❛❡♥②✐ ✈✐❧ ❡❦②✱❦❡ ❡♣❡③❡♥✉❥ ❜♦♥ ❤❛♥②
❥❡❤❧❛♥✉DEFV✳ ② ♠❡③✐✈♦❞♦♦✈♥♠✐✐ ✈✐❧♠✐ ❡❦❛♠✐ ②♠❜♦❧✐③✉❥ ❜♦♥

♥②♦❜♦✉❥❡❤❧❛♥✱❦❡ ❥♦✉♦❞♣♦✈❞❛❥❝♠✐❤ ❛♥❛♠✐✉ ❡♥✳ ♦♦❥❡❞❧❡➽✐
✉♠ ✐❞♦ ♠ ➽❦②♣✈♥ ✈♦❞♦♦✈♥ ✐✈✐❧❡③❛③♥❛❡♥♦✉❤❛♥✉③♥♦✈✉✱ ❡♥♦❦
❥❛❦♦♣♦❧❡❞♥✳➞❡❞✈②❜❛✈❡♥♣ ✉③♥❛ ✱➽❡ ♥❛♥❡♥✈❞❛♥♠♣ ♠ ✉✈✐❞ ✳
❚✉♥ ③✈ ❛③♥♥ ❤❛♥②♣❛❦✱➽❡❥❞❡♦❤❛♥✉♥❛❝❤③❡❥❝ ❡✈❧✐❝❤ ✐ ❧❡❛✱
❛➽❡ ❡ ❡❞②♥❛♥♥❡♦❝✐♥❡➽❞♥ ❜♦❞♣ ♥✐❦✉✳❉♦ ♦ ❥♦✉✉♠ ♥②❜♦❞②
1❛➽8♣♦❞❧❡ ♦❤♦✱♥❛❦❡ ❤❛♥ ❥❡❞♥♦❤♦❛✈❡❦❡ ♥ ❞✉❤❤♦❥❡❤❧❛♥✉❧❡➽✳
◆❛♣ ❦❧❛❞ ❡❞②❜♦❞1✿❏❡♦♣ ❡❦❤❛♥②CU ❛ ♥②DEV✳ ♦♦ ❡✈ ✐
♥❛❝❤③♥❛ ❡❝❡♦③♥❛❡♥ ♣♦❞❧❡✈❝❤♦❧✉C✱❛❧❡③♦✈❡ ✈♣ ✉ ♠❡③✐ ❡❦❛♠✐

❦❛❥♥♠✐❜♦❞②D❛E✳✹❊①✐ ✉❥❡❥❡❞✐♥ ③♣ ♦❜✱❥❛❦❜♦❞②♣ ♥✐❦✉✈ ✐♣ ✈♥
♣♦♣♦❥✐ ♣✐❞♦❞➽❡♥♥ ❧❡❞✉❥❝❝❤♣❛✈✐❞❡❧✿✺

✶✳➤❞♥ ③ ❡❡❦♥❡♠ ♣♦❥♦✈❛ ❜♦❞②❧❡➽❝♥❛ ❡❥♥ ❤❛♥✳

✷✳➤❞♥ ③ ❡❡❦♥❡♠ ❦ ➽✐➽❞♥♦✉③❤❛♥✳

❙♣ ✈♥♠♣♦ ♣♦❥♦✈♥♠ ❡❞②❞♦ ❛♥❡♠❡❧♦♠❡♥♦✉ ✉1✲7✲3✲2✲4✲6✲8✲5✲1✳❏❡❥
❡❦②✱❦❡ ❡♥❛❝❤③❡❥ ✈➵❡❞ ♦❜❧❛ ✐ ✱✈❞❛♥♠♣ ♠ ✉✈✐❞ ♥❡❥♦✉✱

❛♥♦♣❛❦✳ ♦♦➽❡ ✉❥❡♠❡✈♣♦♠ ♥ ❡❞✈♠❛♣ ♠ ②✱♠✉ ♠❡ ✐❦✈❧✐✈✐❞✐✲
❡❧♥♦ ✐✈②✈♦✐ ❝❤♠❛ ❛❞✈ ④❥❡❞♥♦♣♦♣❞♦② ✭♦❜ ③❡❦✸✳✸❛✮❛❞✉❤ ♣♦

♥ ② ✭♦❜ ③❡❦✸✳✸❜✮✳✻

❚✐♣✿ ✐❦❡❧❡♥ ❥❡❞♦❜ ✉♠ ✐ ❡❦②✱❦❡ ②♠❜♦❧✐③✉❥ ❧✐❝❤ ❤❛♥②✱
♥❛❥❡❥ ♦❦❛❥❡✱ ❡❞② ❛❦✱❥❛❦❥♠❡ ♦✉❞❧❛❧✐ ❡❦❛♠✐B ❛E ✈♦❜ ③❝❝❤✸✳✸❛
❛✸✳✸❜✳❈❡❧ ♣ ♥✐❦♦✈ ❦✐✈❦❛❡♥♠ ❛❦✉❞➽♣♦❤♦♠❛❞✳◆❛♦❜③❦✉✸✳✸❝✈✐✲
❞♠❡❥❡➵ ❥❡❞♥♦✉ ➺ ✈✐❞✐❡❧♥♦ ♣♦♥ ②✱❡♥♦❦ ✈➵❛❦ ❧✐❝❤♠✐ ❤❛♥❛♠✐
✉♠ ♥♠✐❞♦✈♥✐ ✳❩♥③♦ ✉❥❡ ❡❥♥♦✉❦✐✈❦✉❡ ❡❥♥♦✉✈✐❞✐❡❧♥♦ ✳◆❡♠ ♥
✈➵❛❦③♠ ✱➽❡❡❦✐✈❦❛✈❛❦♦✈♠♣ ♣❛❞ ♦③♣❛❞✱♣♦♦➽❡❥❞❡♣♦✉③❡♦ ♦③♣❛❞✲
♥✉ ✈ ♠❝✐ ❝❤♠❛ ✉✱♥✐❦♦❧✐✈♣♦ ♦✉✿ ♦♠♦❝ ❡❧❜♦❞ ♣ ♥✐❦✉♥❛❦❛❥♥❝❤
❤❛♥❝❤❡♠➽❡♠❡♣❡✈❞✐✱➽❡❦✐✈❦❛♣❧②♥✉❧❡♥❛✈❛③✉❥❡✱❛❥❡♠♦➽♥❥✐❛❦❝❡❧♦✉
♣♦❥ ✳

◆❛❦♦♥❡❝✈②❡➵♠❡✈✐❞✐ ❡❧♥♦ ♦❜♦✉❥❡❤❧❛♥ ✈ ✐♦❜ ♥❛✈③❥❡♠✱❡♣❡❦✐✈❡
❤❛♥❥❡❞♥♦❤♦✈ ✐❞✉❤♠✉✱❛♥❛♦♣❛❦✳ ✐♥❝✐♣❥❡ ❡❥♥ ❥❛❦♦♣✐✉♦✈♥✈✐❞✐❡❧✲
♥♦ ✐♣♠❦②✈ ✐ ❧❡✉✈❡❞✉❤ ❦❛♣✐♦❧❡✳❩❞❡❥❡✈➵❛❦✐✉❛❝❡✈ ❛③♥ ❥❡❞♥♦❞✉➵➵✱
♥❡❜♦➺❞♦❦❛➽❞❤♦✈❝❤♦❧✉♣ ♥✐❦♦✈ ②✈❡❞♦✉❞✈ ❥❡❥ ❡❦②✱❥❡❥✐❝❤➽✈✐❞✐❡❧♥♦
❥✐➽③♥♠❡✳❇✉❞❡♠❡ ❡❡❞② ❞✐ ♥ ❧❡❞✉❥❝♠✿

✶✳ ❍❛♥❛♠✐✱❦❡ ♥❡❜②❧②✈✐❞✐❡❧♥✉➽✈③❛❞♥✱❡♥❡③❛❜✈♠❡✭♥❛♣ ✳♣❞♦②
❤❛♥②BC✮✳

✷✳ ❇♦♥ ❤❛♥❛❥❡✈✐❞✐❡❧♥ ❛➽♣♦❜♦❞♣ ♥✐❦✉✱❥❡✲❧✐✈✐❞✐❡❧♥ ❛❧❡♣♦ ❥❡❞♥❛
③♣ ♥✐❦♦✈❝❤ ❡❡❦❞♦ ♦❤♦♦❜♦❞✉✈❡❞♦✉❝❝❤✭♣❞♦② ❡❦②AU ❦♦✲
❧❡♠❜♦❞✉5❞❦②✈✐❞✐❡❧♥♦ ✐ ❡❡❦1✲5❛5✲7✮✳❱♦♣❛♥♠♣ ♣❛❞ ♣❡ ♥❡
❜ ❞♦②♥ ❤❛♥❛✈✐❞ ✱❥❛❦♠✐❧❡♣♦♥❡♦❜② ❞✉❤❤♦ ❧❛✭♣❞♦② ➽❡

❡❦②✱ ❡♥♦❦ ✉❜♦❞✉6✮✳

✹ ❦♥ ❥❡③♣ ♦❜ ✈♦❡♥ ❝❤♦ ❝❤♠❛ ♣♦♣ ♥✈❬✶✸✱ ✳✶✺✺❪✐✈❬✶✷✱ ✳✷✺✻❪
✺➮❡♥ ♥❡❝❤➺ ✐♣♦♠②❧✱❝♦❜②❥❡❥✐❝❤♣♦✉➵❡♥♣♦♣ ♥✐❦♦✈♦✉❦✐✈❦✉✈♣♦ ♦✉③♥❛♠❡♥❛❧♦✳
✻❱❬✷✱ ✳✷✸✶❛✷✸✷❪❥❡♣❡❞✈❡❞❡♥♦✱❥❛❦❡❦❡❧❡♥❞✈♦✉ ✈②❤♥♦✉ ③❛③♥❛❡♥♠✈✐❞✐ ❡❧♥♦ ✐

✈♦❜♦✉♣ ♠ ❡❝❤♣♦✉③❡❞♦❥❡❞♥✳❱✐❞✐❡❧♥♦ ♣ ♥✐❦♦✈❝❤ ❡❡❦③♥❥❛❧❡♥❡♥♣ ♠♦✈✐❞ ✱
♠✉ ❡♦❞✈♦❞✐❀♣♦♦③❞❡ ✉♦♣♦♠❝❦✉♣♦✉➽✈❛ ♥❡❜✉❞❡♠❡✳

✸✵







PvD✳➮ ❧♦7 ❡ ❛❦♦❜❥❡✈ ❛➽✉❜♦❞✉D1 ❛✉♣ ♠ ✉♣ ❡❦✉ ♦ ♦♣②
❤❛♥♦✉BC✳◆❛♣♦❞❛✈ ABC ③♠♥♠❡❦✈ ❧✐❧✐❝❤ ✐♠ ♦❜❝❤③❡♥❀♥❛

♣♦❞ ❛✈ DEF ♣♦❦❛✉❥❡♠❡✈❡ ❡❥♥♠ ♠② ❧✉❞❧✳❩❡ ❡❥♥❤♦❞✈♦❞✉❥❛❦♦♣✐
♣❡❞❝❤♦③♠ ❡❦♥♣❡❥❞❡♠❡ ♦♣✉PvA✱❛❡♥♦❦ ♥❛✈❝✐PvF❀③❛❥♠❛✈ ❜✉❞❡
❛➽ ♦♣❛PvC✳ ♦♥ ❤❛♥✉DE ✈❜♦❞✱❥❡❤♦➽♣ ♠ ♦③♥❛ ♠❡ ❡❥♥ ❥❛❦♦
❜♦❞C1 ❧❡♠8✳ ♦♦➽❡ ❡ ♠♥❛♣♦❞ ❛✈ DEF ♦♣ ❞♦ ❛♥❡♠❡❦❧✐❝❤ ✐✱
③♠♥♠❡♥❛♥ ♠ ♦❜❝❤③❡♥✳❩♥♦✈✉♥❡❝❤♠❡③❞ ✈❡♦❜❥❛♥♥❝❤❞✈♦❞ ❜❡③
♣♦✈➵✐♠♥✉ ♦♣✉PvF✱ ♠➽ ❡♥❛♦❜♦✉♣♦❞ ❛✈❝❤❞♦ ❛♥❡♠❡❞♦♣♦ ❡♥♣♦✲
③✐❝❡✱❛ ✐❝❡❞♦❜♦❞ ♦③♥❛❡♥❝❤ ❧❡♠1✳❚♦③♥❛♠❡♥✱➽❡❥♠❡❥✐➽♥❛➵❧✐✈➵❡❝❤♥②
❜♦❞②♣ ♥✐❦✉✱❛❥♠❡ ❡❞② ❧♦✈♥♠✉❦♦♥❝❡✳

❉❛❧➵ ♣♦ ✉♣♣✐❤❧❡❞♥♥ ❛♠♦♥❝❤✈❝❤♦❧ ♣ ♥✐❦♦✈ ②❥❡ ❡❥♥ ❥❛❦♦
✈♣✈♥ ♣♦✉➽✐ ♠❡ ♦❞✿❖ ❧♦✈❛♥❜♦❞②♥❛♣♦❞ ❛✈♥❝❤❤❛♥❝❤♣♦❥♠❡ ❡✲
❦♦✉ ✈❝❤♦❧❡♠❥❡❤❧❛♥✉✱♥❛♥♠➽ ❡♥❛❝❤③❡❥✱❛♥❛❥❞❡♠❡♣ ❡❦❦❛➽❞ ③♥✐❝❤

❤❛♥♦✉✱❥❡➽♥❡❡✉ ✈❤♦✈❝❤♦❧✉✈♣♦❞ ❛✈ ❡❥♥ ❧♦✱❦❡ ♠ ❡♥♦♣ ✲
❡❦♦③♥❛ ♠❡✳❚❛❦❥❡ ❡❞②♥❛♣❦❧❛❞♦❛♥➽♦✈ ❜♦❞ ❧♦5♣ ❡❦❡♠ ❡❡❦5V

❛CU✳
◆❛❦♦♥❡❝ ②♦❜♦❞②♣♦♣♦❥♠❡✳❚❡♥ ♦❦ ✐❝❡✉➽③♥♠❡❥❡❥✐❝❤♣♦ ❛❞✱③❛♦

✈➵❛❦♥❡✈♠❡✱❥❛❦ ♦❜✉❞❡ ✈✐❞✐❡❧♥♦ ❡❡❦ ♠❡③✐♥✐♠✐✳ ❡❞ ♦✈♥♠❦❛➽❞
③♥✐❝❤❥❡♣♦♦♣♦ ❡❜❛♣♦✈ ✈❛❤✉♥❛❞ ♠✱❦ ❡ ③❡ ♥♦❜♦✉❥❡❤❧❛♥ ❡✈♥
♣♦♥❛❥ ❛③❞❛❥♦✉✈✐❞ ✳ ♦③❛ ❡♥❦❛ ♠➽❡❜ ♣♦♠♦❝ ❡③♥❛♠ ♥ ♣♦❧✉

❥❡❥✐❝❤✈✐❞✐❡❧♥♦ ✱❦❡ ✐♥❛③❛ ❦✉ ❡➵❡♥✈②✈♦ ❜♦❦❡♠❛❞♦♥❥➽♣♦✉♣♥
♣✐♣✐✉❥❡♦❜❥❡❦②✱❦❡ ❞♦✉✈❡❞❡♥❝❤ ♥ ✉❥❡✱♦❞❜♦❞ ♣ ♥✐❦✉ ♦♣ ♣♦❞✲

❛✈♥♠✐❤ ❛♥❛♠✐♣❡❥❡❥✐❝❤♣♦❥♥✐❝❡ ✈❝❤♦❧②❥❡❤❧❛♥ ❛➽❦ ❛♠♦♥♠✈ ❝❤♦❧♠
♣ ♥✐❦♦✈ ②✳❏❞❡❛❧❡♦♣♦♥❦✉❞ ➽❦♦♣❞♥ ♣♦❝❡✱❦❡ ♠♣ ✐♣♦✉➽✐ ♦
♠❡ ♦❞②♣❧❛♠❡③❛♣♦ ❛❞ ✈❝❤♦❧ ♣ ♥✐❦♦✈ ②✱❦❡ ❞♦ ❛♥❡♠❡③❞❛♠❛♣ ✐
❥❡❥✐❝❤♥❛❧❡③❡♥✳

❜

♦③♥♠❦❛ ✸✳✶✳ ♦✉➽✐ ♣✈♥ ❧♦✈❛❝♠❡ ♦❞② ❡❞♦❜❡♦❜❡❥❞❡❜❡③✉✈❛➽♦✈♥
❛③❛❦❡❧♦✈♥ ❧✐❝❤❝❤ ✳ ♦♦ ❡✈✉❡❜♥✐❝❝❤✱❦❡ ✉♦ ♠❡♦❞✉♣♦✉➽✈❛❥✱
♣♦❥❡♠❧✐❝❤ ✐✈❜❡❝♥❡③❛✈❞✳ ❱❡❞✉❤ ♠❡ ♦❞ ❥♦✉❛❧❡♥❡♣♦ ❛❞❛❡❧♥✱
♣♦♦➽❡✉♣♦③♦ ✉❥ ❡➵✐❡❧❡✱➽❡ ♠ ③♠♥✐ ♠ ♦❜❝❤③❡♥ ♣ ❧✉➵♥ ♣♦❞ ❛✈②✳

♦♦ ♦❥❤❡❧♥❦②③♥❛ ❝❧✐❝❤ ✐✈♦❜③❝❝❤✸✳✹❛✸✳✺❞♦❛❤✉❥ ❛➽❦♣✈♥
♦♣✱❦❡ ♣♦♥ ♦❜ ♣♦❞ ❛✈②✳❱ ♦♣ ❝✐❜✉❞❡♠❡♦❧✐❝❤❝❤ ❡❝❤♠❧✉✈✐

❛✈❡③♠❡♥➵❡♥ ✈❡③✐❥❡③❛❦❡❧♦✈❛❞♦ ❡➵❡♥✐♣✐♣♦✉➽✈♥♣✈♥♠❡ ♦❞②✳

❦❧❛❞✸✳✷✳◆❛❥❞ ❡♣ ♥✐❦❥❡❤❧❛♥✉ABCU ❥❡❤❧❛♥❡♠DEFV✳
♦❞ ❛✈❛❥❡❤❧❛♥✉ABCU ❧❡➽✈ ♦✈✐♥ ✱̺❦❡ ❥❡❦♦❧♠ ❦♣❞♦②♥✱❛❥❡❥✈✲

❝❤♦❧②♠❛❥ ♦✉❛❞♥✐❝❡A=[−10;1,5;2]✱B=[−6;12,5;4]✱C=[−9;yc;7]✳❙♦✉❛❞✲
♥✐❝❡✈❝❤♦❧✉U❥♦✉U=[3;5;3,5]✳ ♦❞ ❛✈✉❥❡❤❧❛♥✉DEFV ✈♦ ♦✈♥♦ ❛♥♥

♦❥❤❡❧♥❦DEF ❧❡➽❝✈♣❞♦②♥ ❞❛♥ ✈❝❤♦❧②D =[−8;1;0]✱E =[0;2;0]
❛♣♦❞♠♥❦♦✉yF >yE❀✈➵❦❛❥❡❤❧❛♥✉DEF ❥❡✾✳
❱❤♦❞♥ ♣❛❛♠❡ ②♣♦ ♦✈♥✈❦♦♦❤❧♠♣ ♦♠ ♥✿ω=105◦✱q= 3

5

❡➵❡♥ ✭♦❜ ③❦②✸✳✻❛✸✳✼✮✿❖♣♦✐♣❦❧❛❞✉✸✳✶ ❡♥♦❦ ❧❡➽✈♣❞♦②♥ ♣♦❞✲
❛✈❛♣♦✉③❡❥❡❞♥♦❤♦③❥❡❤❧❛♥✳ ✐♣❝✐ ✈❝❤♦❧♦✈♠✐ ♦✈✐♥❛♠✐✭♦❜❛❤✉❥❝♠✐

✈➽❞② ❡❥♥ ❥❛❦♦✈♣❦❧❛❞ ✸✳✶❜♦♥ ❤❛♥✉❥❡❞♥♦❤♦❛✈❝❤♦❧❞✉❤❤♦❥❡❤❧❛♥✉✮
✐❛❦♥❡✈② ❛ ♠❡ ❥❡❥✐❝❤♣❞♦②♥♠✐ ♦♣❛♠✐✱♣♦♦➽❡❜✉❞♦✉♣♦♥❛ ♣♦✉③❡

♣♦❞ ❛✈✉DEF✳❩♦❤♦♦❞✈♦❞✉♥❛❥❞❡♠❡♣ ❡♥✐❝✐❦❛➽❞ ③ ❝❤♦ ♦✈✐♥ ♦✲
✈✐♥♦✉ ✳̺✾ ❑♦♠ ✈❛③❦✉♣❞♦②♥❝❤ ♦♣ ❡ ❡❞❡♠✈♣❞♦②♥♠ ♦♣♥❦✉

✾❚②♦♣ ❡♥✐❝❡♠➽❡♠❡✈♥♠❛ ❛❦ ❥❛❦♦ ♦♣② ✈❝❤♦❧♦✈❝❤ ♦✈✐♥✈③❤❧❡❞❡♠❦ ♦✈✐♥ ✳̺

✸✸







❝❤♠❛ ✉♣♦♣❞♦②✱♦❜③❡❦✸✳✽❜♣♦♥ ② ❛✸✳✽❝♣♦❦♦♦❤❧ ♣ ♠ ✳
◆❛❦♦♥❡❝✈②❡➵♠❡✈✐❞✐ ❡❧♥♦ ❥❡❤❧❛♥✳

❜

❖❜ ③❡❦✸✳✾

♦❧❡❞♥ ②♣♣ ♥✐❦✉❞✈♦✉❥❡❤❧❛♥✱❦❡ ✐✉❦➽❡♠❡✱ ♠➽❡♠❡♣♦❦❛ ♥❛♣ ✲
❦❧❛❞❥❛❦♦③❛ ❡➵❡♥✈➽✳❏❞❡♦❞✈❛♣❛✈✐❞❡❧♥ ❥❡❤❧❛♥②✱❥❡❥✐❝❤➽♣♦❞❛✈② ❡♣❡✲
❦ ✈❛❥✱❛♥❛✈❝♠❛❥ ♣♦❧❡♥ ❡❞✳❉✈❛❥ ❛❦✈③♥✐❦♥♦✉ ❞♦❦♦♥❛❧♠✉♣ ♥✐❦✉✳
◆❛♦❜ ③❦✉✸✳✾♠➽❡♠❡✈✐❞ ♣ ❦❧❛❞ ❛❦♦✈ ❡❝❤②♥❛❞♦❝❤♦✉ ✈✳❏❛♥❛◆❡♣♦✲
♠✉❝❦ ❤♦♥❛♥♠ ✈ ❛❦♦✉❦♠ ❑❛♣ ✉♥✉ ✈♦❡♥ ♦♠✐❜♦❦ ♠❛♣ ❛✈✐❞❡❧♥♠

②❜♦❦♠❥❡❤❧❛♥❡♠✳

❦❧❛❞✸✳✸✳◆❛❥❞ ❡♣ ♥✐❦❦♦❧♠❝❤ ♦❥❜♦❦❝❤❥❡❤❧❛♥ ABCU ❛DEFV✳
♦❞ ❛✈②♦❜♦✉❥❡❤❧❛♥ ❥♦✉♦✈♥♦ ❛♥♥ ♦❥❤❡❧♥❦②❧❡➽❝✈♣❞♦②♥✳❉❧❡

❥❡❞♥♦✿A=[−3;4;2]✱U=[0;7;11,5]❀D=[−8,5;5;0]✱V=[0;7;6]
❱❤♦❞♥ ♣❛❛♠❡ ②♣♦ ♦✈♥✈❦♦♦❤❧♠♣ ♦♠ ♥✿ω=105◦✱q= 1

3

❡➵❡♥ ✭♦❜ ③❦②✸✳✶✵❛✸✳✶✶✮✿■✈❡ ♣❡❝✐❧♥❝❤♣♣❛❞❡❝❤✱❥❛❦♦❥❡ ❡♥♦✱ ♠➽❡♠❡
✉✈❛➽♦✈❛ ✈❡ ♠② ❧✉✈❝❤♦❧♦✈ ♣ ♠❦②❥❛❦♦♣ ❡♥✐❝❡✈➵❡❝❤✈❝❤♦❧♦✈❝❤ ♦✈✐♥✱
❦❡ ♣♦✉➽✐❥❡♠❡❦♣♦♠♦❝♥♠ ❡③♠✳❚❡♥ ♦♣❦❧❛❞❥❡❛❧❡♥❛♦❧✐❦ ♣❡❝✐❧♥✱➽❡❥❡
♠♦➽♥ ❤♦ ♥❛❞♥♦✈②❡➵✐✐✐♥✉✐✐✈♥✱❜❡③♣♦♠♦❝✐ ❝❤♦ ✈❛❤✳

❩♣♦ ❛✈❡♥ ❥❡❤❧❛♥ ✈ ✐ ♦❜ ❥❡③❡❥♠✱➽❡ ❡♥❛♣ ♥✐❦✉❜✉❞♦✉♣♦❞❧❡
✈➵❡❝❤♥②❜♦♥ ❤❛♥②♦❜♦✉❞✈♦✉③♥✐❝❤✳◆❡♥❛❥❞❡♠❡③❞❡ ❡❞②➽❞♥♦✉❧✐❝❤♦✉ ✳
❱ ❛❦♦✈♠♣ ♣❛❞ ♣❧❛ ✱➽❡❡❥❡❞♥ ♦❞♦❦♦♥❛❧ ♣ ♥✐❦④✈ ❧❡❞❦❡♠♦♣ ❜✉❞❡
❥❡❞✐♥✉③❛✈❡♥ ❧♦♠❡♥ ❛✳

✸✻







✈❝❤♦❧♦✈❝❤♦✈✐♥❜②❜②❧② ♣♦❥♥✐❝❡ ♦❤♦♦ ♦♣♥❦✉ ♣♦❞ ❛✈♥♠✐✈ ❝❤♦❧②♦❜♦✉
❥❡❤❧❛♥✳❱♣♣❛❞ ♦✈✐♥UBV ❛VDU❜②♣❛❦ ♣❧②♥✉❧② ♣❞♦②❡♠❦②❝❝❤♣✲
♠❡❦♣♦✉➽✐ ❝❤✈♥❛➵❡♠❡➵❡♥✳ ❡❦② ✈♦ ❝♦❞♣♦✈❞❛❥❝ ❡③②♥❛❥❡❤❧❛♥❡❝❤③❛❡
❡③❜✈❛❥❝♠✐♣ ♠ ② ❝❤♦❦②❝❝❤ ❡❡❦✭♥ ②❡♠✐❦♦♦❤❧♠♣ ♠ ❡♠✮✳

❏❛❦✈✐❞♥♦✱ ♦✈❛❧✐❜②❝❤♦♠ ❡❥♥ ②✱❥❡♥❜②❝❤♦♠❥❡❥✐♥❛❦❝❤♣❛❧✐✳
❜

✸✳✷ ♥✐❦❥❡❤❧❛♥✉❛❤❛♥♦❧✉

✐✈②➵❡♦✈♥ ♣ ♥✐❦✉❥❡❤❧❛♥✉ ❤❛♥♦❧❡♠♣♦ ❡❜✉❥❡♠❡♥❛❥ ❥❡❞♥❛❦♣ ✲
❡❦②❜♦♥❝❤❤❛♥❤❛♥♦❧✉ ❥❡❤❧❛♥❡♠❛❥❡❞♥❛❦♣ ❡❦②❜♦♥❝❤❤❛♥❥❡❤❧❛♥✉
❤❛♥♦❧❡♠✳ ♦✉➽✐❥❡♠❡♣✐♦♠ ♦✈✐♥②✱❦❡ ❥♦✉✈③❤❧❡❞❡♠❦❥❡❤❧❛♥✉✈❝❤♦❧♦✈

❛✈③❤❧❡❞❡♠❦❤❛♥♦❧✉ ♠ ♦✈✳❱➵❡❝❤♥②❛❦♣♦❝❤③❡❥✈❝❤♦❧❡♠❥❡❤❧❛♥✉❛❥♦✉
♦✈♥♦❜➽♥ ❜♦♥♠✐❤ ❛♥❛♠✐❤❛♥♦❧✉✭♥❦❡ ③♥✐❝❤ ♠✐ ♦❤❛♥❛♠✐❞♦❦♦♥❝❡

♣♦❝❤③❡❥✮✳ ♠❦❛✱❦ ❡♦✉ ♠❛❥ ♣♦❧❡♥♦✉✱♥❡❡ ❡❞②♦❜❛ ②♦❛ ✐❜✉②✱ ♦✐➽
➽❡♦❜❛❤✉❥❡✈❝❤♦❧❥❡❤❧❛♥✉❛ ♠ ❜♦♥❝❤❤❛♥❤❛♥♦❧✉✳✶✷■✈♦♠♦♣♣❛❞ ❥✐
❜✉❞❡♠❡♥❛③✈❛ ✈❝❤♦❧♦✈♦✉♣♠❦♦✉✳

❦❧❛❞✸✳✹✳◆❛❥❞ ❡♣ ♥✐❦❦♦ ❤♦❤❛♥♦❧✉ABCA′B′C′❛❦♦ ❤♦❥❡❤❧❛♥✉DEFV.
❉♦❧♥ ♣♦❞ ❛✈❛❤❛♥♦❧✉❧❡➽ ✈♣❞♦②♥ ❛❥❡❥ ✈❝❤♦❧② ♠❛❥ ♦✉❛❞♥✐❝❡A =
[−8;1;0]✱B =[−4;7,5;0]✱C =[−1;2,5;0]❀❥❡❞♥♠③✈ ❝❤♦❧ ❤♦♥ ♣♦❞ ❛✈②
❥❡A′=[0,5;9,5;11]✳ ♦❞ ❛✈❛❥❡❤❧❛♥✉❧❡➽ ❛❦ ✈♣❞♦②♥ ❛ ♦✉❛❞♥✐❝❡❥❡❥❝❤
✈❝❤♦❧ ❥♦✉D=[2;0;0]✱E=[−2;5;0]❛F=[6;6;0]✳❍❧❛✈♥♠✈ ❝❤♦❧❡♠❥❡❤❧❛♥✉
❥❡❜♦❞V=[−5;13;9]✳
❱❤♦❞♥ ♣❛❛♠❡ ②♣♦ ♦✈♥✈❦♦♦❤❧♠♣ ♦♠ ♥✿ω=130◦✱q= 2

3

❡➵❡♥✭♦❜ ③❡❦✸✳✶✸✮✿❱❝❤♦❧♦✈♦✉♣♠❦✉ ❡ ♦❥♠❡❥❛❦♦ ♦✈♥♦❜➽❦✉ ❜♦♥♠✐
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❡➵❡♥✈②❝❤③❡✿❏❞❡❜✉♦ ❑❛♥❡♥♣✐♥③✐♣④❡❞② ♣✐♥❝✐♣❤❛♥✱♥❡❜♦❊❜❡♥❡✲

♥♣✐♥③✐♣④ ♣✐♥❝✐♣♦✈✐♥✳❱♣✈♥ ❥♠❡♥♦✈❛♥♠③❦♦✉♠ ♠❡♣ ♥✐❦❦❛➽❞ ❤❛♥②
❥❡❞♥♦❤♦③ ❧❡ ❞✉❤♠❛♥❛♦♣❛❦❀❤❧❡❞ ♠❡ ❛❦❥❡❥✐❝❤♣ ❡❦②✳❏❞❡♦♣ ✉♣✱
❦❡ ❞❧♦③✈❥❛❥❡❤♦➽♠❡♦❞♠ ❡✈♥✉❥❡♠❡✐✈ ♦♣ ❝✐✳❱❡❞✉❤♠♣❛❦❥❞❡
♦❤❧❡❞♥♣ ❡♥✐❝❞✈♦❥✐❝ ♥♣♦❝❤③❡❥❝❝❤③ ③♥❝❤ ❧❡✳

♦③♥♠❦❛ ✸✳✽✳ ♦③♦✉❤♦❞♥ ❥❡④❛♦♥❡❥❡♥③❤❧❡❞✐❦❛ ♦❦❛♣✐♦❧②④✐❛♠❡✐❝❦
♣✉❜❧✐❦❛❝❡❬✶✻❪✳ ♥✐❦✉❞✈♦✉❤❛♥❛ ❝❤ ❧❡ ❡✈♥✉❥❡♥❛ ❛♥❝❤✺✸✻❛✺✸✼✳
▼ ➽❡♠❡ ❝✱➽❡♣♦✉➽✈ ✈♣♦❞ ❛ ♥❡❥♣ ♠♦ ❛❡❥➵♠❡ ♦❞✉ ♣❛❞❛❥❝❞♦ ♣✐♥✲
❝✐♣✉❤❛♥ ③♣♦③♥♠❦②✸✳✼✳ ❡❦②❤❛♥❥❡❞♥♦❤♦ ❧❡❛ ♣♦✈❝❤❡♠❞✉❤❤♦
❤❧❡❞ ♣♦✉➽✐ ♠♣♦♠♦❝♥ ❝❤ ❡③ ♣♦♠❛❝♠✐ ♦✈✐♥❛♠✐ ❝❤♦❤❛♥✳✶✻ ❱♣♦❞✲

❛ ❥❞❡♦❤❧❡❞♥ ♣ ❡❦✉❤❛♥②❥❡❞♥♦❤♦ ❧❡❛ ♥❦❡♦✉③❡ ♥❞✉❤❤♦
❧❡❛♣♦♠♦❝ ❦②❝ ♣ ♠❦②✱♣ ❡♥❥✐❡❡♥♦ ❡❦②✳❩❛❥♠❛✈ ❥❡❛❦ ♣♦❤♦③❡♥

♣❞♦②✉❛♥ ②✉✈♦❜ ③❝❝❤✱❝♦➽❥❡❛❧❡③❧❡➽✐♦ ❛♥❣❧✐❝❦②♣❛♥ ❧✐❡❛✉②
♦❜❡❝♥✳

✶✻ ❡♥❥✐❜②❝❤♦♠ ❡❦❧✐♣♦♠ ❛❝♠✐ ♦✈✐♥❛♠✐♣ ♠❡❦✱❥✐❝❤➽❥ ♦✉❥❡❞♥♦❧✐✈❤❛♥② ♦✉ ✳

✺✷



✹✳ ❉✈ ♦❜❧ ❧❡❛

♦❜❧❡♠❛✐❦❛♣ ♥✐❦✉♦❜❧❝❤ ❧❡✱❡♣❡❦✐✈❡③❛❦✐✈❡♥❝❤♣❧♦❝❤✱❡✈②❦②✉❥❡
❛ ♦✐✈❡③❞♦❥❝❤✱❦❡ ✈❜❡❝♥❡♣♦❥❡❞♥✈❛❥♦♣ ♥✐❝❝❤❤❛♥❛ ❝❤♦❜❥❡❦ ✳❏❡
♦❞♥♦③❡❥♠ ❥❡❥♣ ♠ ❥➵♣♦✈③❛♥♦ ❡❝❤♥✐❝❦♦✉♣❛①✱❛❧❡✐❥❡❥♠✈ ❛③♥

➵✐➵♠③ ❜ ❡♠✳ ✉♣②♣♦✉➽✈❛♥ ♣✐❤❧❡❞♥ ♣ ♥✐❦✉ ❡ ♦✐➽ ♠♦❤♦✉✈ ❛③♥
❧✐➵✐✈③✈✐❧♦✐❥❛❦♥❛②♣❡❝❤③❦♦✉♠❛♥❝❤ ❧❡✱❛❦♥❛❥❡❥✐❝❤✈③❥❡♠♥♣♦❧♦③❡
✐♥❛♣♦♠ ♥✱✈♥♠➽♣ ♦❜❧♠ ❡➵♠❡✱ ✐♥❛♣♦❧♦③❡♦❜♦✉ ❧❡✈ ✐♣ ♠ ♥
✭♥❡❜♦♣ ♠ ♥♠✮✳❱ ♦♣ ❝✐❡❛❧❡♥❡❜✉❞❡♠❡③❛❜✈❛ ♣❧♦❝❤❛♠✐✳❖♠❡③♠❡ ❡
♥❛ ❧❡❛✱❛♥❛✈❝♣♦✉③❡♥❛ ❧❡❛ ♦❛♥✳❑♦♠✉❜✉❞❡♠❡✈❡ ♠② ❧✉♣♦③♥♠❦②
✶✳✶③❛❥❡❥✐❝❤♣ ♥✐❦♣♦✈❛➽♦✈❛ ❦✐✈❦✉♣♦❧❡♥♦✉❥❡❥✐❝❤♣❧➵➺♠✳❉♦♥❛➵✐❝❤ ✈❛❤
♥❡❜✉❞❡♠❡③❛❤♥♦✈❛ ❛♥✐♣❡❝✐❧♥♣ ♣❛❞②✱✈♥✐❝❤➽❜②♠❧❛ ❧❡❛♣♦❧❡♥♦✉♣♦✉③❡

❡❦✉✱❜♦❞ ✐♣③❞♥♦✉♠♥♦➽✐♥✉✳
❏❡ ❡❞②③❡❥♠✱➽❡❧③❡♥❛♣♦❜❧♠♥❛❤❧➽❡ ③ ♠♥♦❤❛ ❛♥✳❩❦❧❛❞♥ ♣✐♥❝✐♣✱

③♥❤♦➽ ♠ ✈➵❡❝❤♥② ❛❦♦✈ ✈❛❤②✈②❝❤③❡❥✱❥❡✈➵❛❦❡♥♦✿❑❛➽❞ ③❜♦❞ ♣ ✲
♥✐❦♦✈ ❦✐✈❦②❧③❡♥❛❧③❥❛❦♦♣ ❡❦❞✈♦✉❦✐✈❡❦✳❑❛➽❞③♥✐❝❤❧❡➽♥❛♣♦✈❝❤✉
❥❡❞♥♦❤♦③❡③❦♦✉♠❛♥❝❤ ❧❡❛♦❜ ❥♦✉③ ♦✈❡ ❥❡❥✐❝❤♣ ♥✐❦② ❥❡❞✐♥♦✉♣♦✲
♠♦❝♥♦✉♣❧♦❝❤♦✉✱♥❛♣ ❦❧❛❞ ♦✈✐♥♦✉✳◆❡♥✲❧✐❛♥✐❥❡❞♥♠③❡③❦♦✉♠❛♥ ❝❤♦❜❥❡❦
❦✉❧♦✈ ♣❧♦❝❤❛✱♠➽❡♠❡✉♣❧❛♥✐ ♥❛♣ ❦❧❛❞♠❡♦❞✉❤❧❡❞♥♣ ♥✐❦✉♣ ♠❦② ♦❜✲
❧♠ ❧❡❡♠③♥♠♦✉③❞ ✉❤ ❦❛♣✐♦❧②❛♣♦✉➽ ❥✐ ❡❥♥♠③♣ ♦❜❡♠✱❥❛❦♦❥♠❡ ♦
✉❞❧❛❧✐✈♣♣❛❞ ❞✈♦✉❤❛♥❛ ❝❤ ❧❡✈❦❛♣✐♦❧❡ ❡✳❩♠✐♦✈❛♥♠✐♣♦♠♦❝♥ ♠✐
♣❧♦❝❤❛♠✐ ❛❦❜✉❞♦✉✈❝❤♦❧♦✈ ✐♠ ♦✈ ♦✈✐♥②✱③❛♠❝♦✈ ♦❧❝❤ ❡③✱❥❡❥✐❝❤➽
♣ ❡❦②❜✉❞❡♠❡❤❧❡❞❛✱❡♦❜❥❡✈ ❡❦❛♥❛♣♦✈❝❤✉❥❡❞♥♦❤♦ ❧❡❛❛✉③❛✈❡♥
❧♦♠❡♥ ❛♥❛♣♦✈❝❤✉❞✉❤❤♦✳❚❛❦♦✈ ♣ ✉♣❥❡✈❧❛ ♥ ♣❧♥ ❡❥♥ ❥❛❦♦✈♣✲
♣❛❞✱❦❞②❜②❧❛♦❜ ❧❡❛❤❛♥❛ ✱❛❦➽❡♣♦♥ ♥❡♣❡❞ ❛✈✉❥❡♥✐❝♥♦✈❤♦✳❏❡❤♦
✈❤♦❞♦✉❥❡♥❛✈❝✉♥✐✈❡③❛❧✐❛✱❥❡❧✐❦♦➽❤♦❧③❡♣♦✉➽ ❥❛❦♥❡③✈✐❧❡♥❛♣♦♠ ♥✱
✈♥♠➽♣ ❦❧❛❞ ✉❥❡♠❡✱ ❛❦♥❛ ②♣✉ ❧❡❛❥❡❥✐❝❤♣♦❧♦③❡✈ ✐♦❜ ♥❛✈③❥❡♠
✐♣ ♠ ♥ ✭✐♣ ♠ ♥♠✮✳

❚❡♥♦♣♦ ✉♣✉➽❛❧❡③♥♠❡✱♣ ♦♦ ✐✈ ♦❦❛♣✐♦❧❡✉❦➽❡♠❡♣♦✉③❡❥✐♥ ❞✈
♠❡ ♦❞②✱❦❡ ❥♦✉✈❤♦❞♥ ♣♦ ❡➵❡♥♣ ♥✐❦✉ ♦❛♥❝❤ ❧❡ ♦❛♠✐✈❡ ♣❡❝✐✲
❧♥♣♦❧♦③❡✈ ✐♣ ♠ ♥♠✈ ▼♦♥❣❡♦✈ ♣♦♠ ♥✳❩❡➵✐♦❦❤♦ ♣❡❦ ❛♣❦❧❛❞✱

❦❡ ❡✈❧✐❡❛✉❡✈②❦②✉❥✱❛❦✈②❥♠❡♠❡❛❞♦ ♦♣ ❝❡③❛❤♥❡♠❡❥❡♥♦♣❛✈❞✉
♠❛❧♦✉✱❛❧❡③❛ ♦ ♣❡❝✐☞❝❦♦✉ ✳❩❥❡♠❝❡♦♣♦❞♦❜♥❥➵♣♦♥✐❦♥✉ ❞♦♣♦❜❧❡♠❛✲
✐❦②❜②♠❧❛✉♣♦❦♦❥✐ ❧✐❡❛✉❛✉✈❡❞❡♥ ♥❛❦♦♥❝✐♣ ❝❡❛♣ ❜➽♥ ♦❞❦❛③♦✈❛♥

✈ ♦❦❛♣✐♦❧❡✳

❦❧❛❞✹✳✶✳◆❛❥❞ ❡♣ ♥✐❦❞✈♦✉ ♦❛♥❝❤❦✉➽❡❧✳
♦❞ ❛✈②♦❜♦✉❦✉➽❡❧ ❧❡➽✈♣❞♦②♥✳ ✈♥ ③♥✐❝❤ ♠ ❡❞S′=[−1;5;0]

❛♣♦❧♦♠ ✹❀✈➵❦❛ ♦❤♦♦❦✉➽❡❧✉❥❡✽✳❙ ❡❞❡♠❞✉❤ ♣♦❧♦♠ ❡♠5,5❥❡❜♦❞
S=[3;7;0]❀✈❝❤♦❧V ♦❤♦♦❦✉➽❡❧✉♠ ♦✉❛❞♥✐❝❡[3;7;10]✳

❡➵❡♥✿ ♦❞ ❛✈②♦❜♦✉③❛❞❛♥❝❤ ♦❛♥❝❤❦✉➽❡❧ ❧❡➽✈♣❞♦②♥✱❛❦➽❡❥❡✲
❥✐❝❤♦②❥♦✉✈③❥❡♠♥ ♦✈♥♦❜➽♥ ❡❦②✶❦♥✳❱❛❦♦✈♠♣ ♣❛❞ ❜✉❞❡♠❡③❛
♣♦♠♦❝♥ ♣❧♦❝❤②✈♦❧✐ ♦✈✐♥②❦♦❧♠ ❦♦❜♠❛ ♠ ♦♦ ♠✱ ♦③♥❛♠❡♥ ♦✈✐♥② ♦✈✲
♥♦❜➽♥ ♣❞♦②♥♦✉✳◆❛♦❜ ③❦✉✹✳✶ ♦❥♦✉ ♦✈✐♥②α✱β❛γ✳❏❡❥✐❝❤✈❤♦❞❛

✶❖❜❡❝♥ ❥♦✉♦❛♠✐ ♦❛♥❝❤♣❧♦❝❤♣♠❦②✳❱ ♠❝✐ ♦♣ ❝❡✱❦❞② ♠❧✉✈♠❡♦ ♦❛♥❝❤
❧❡❡❝❤✱❜✉❞❡♠❡③✉ ✐ ❝❤❞✈♦❞ ♠ ♦❝❡❧❝❤♣♠❡❦✉✈❛➽♦✈❛ ✈ ➵✐♥♦✉♣♦✉③❡ ❡❦②✱♣❡✲

♥❥✐❡❡♥♦ ♣♦❧❡♥ ❜♦❞② ❧❡❛❛❥❡❤♦♦②✳ ◆❛ ❡➵❡♥✱✐❞♦❦♦♥❝❡②♣♣ ♥✐❦✉ ♦➽❞♥ ✈❧✐✈
♥❡♠✳
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♦❧❡❞♥♠✐✈ ③♥❛♠♥♠✐❜♦❞②♣ ♥✐❦♦✈ ❦✐✈❦②❥♦✉❜♦❞②✱✈♥✐❝❤➽♠➽❡❞♦❥
❦❡③♠♥ ❥❡❥✈✐❞✐❡❧♥♦ ✐✱❡❞②♣ ❡❦② ♦❜②❡♠❥❡❞♥♦❤♦ ✐❞✉❤❤♦❦✉➽❡❧❡✳
❇✉❞❡♠❡ ❡ ❞✐ ❛♥❛❧♦❣✐ ♣❛✈✐❞❧❛③♥♠ ❤♦③ ♠✐♥✉❧ ❦❛♣✐♦❧②✿❯ ✐ ❡❦♣ ✲
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♥♦✉✈❡ ②❡❝❤❜♦❞❡❝❤✳ ♦♦➽❡❥❡✈➵❛❦❝❡❧ ✐✉❛❝❡ ♦✉♠ ♥ ♣♦❞❧❡ ♣♦❧❡♥
♦✈✐♥② ②♠❡ ✐❡♦❜♦✉③❛❞❛♥❝❤ ❧❡✉ ❡♥ ❥❡❥✐❝❤♦❛♠✐❛♣♦♦➽❡❥❡ ❛♦ ♦✈✐♥❛
♦✈♥♦❜➽♥ ♥ ②♥♦✉✱♣❥❞❡✈❡❦✉❡♥♦ ✐♦♣ ♠ ②♦♠✐❜♦❞ ♣ ♥✐❦✉✳ ❡✲
✈❞✐ ❡♦♦♠♠➽❡♠❡♣♦❞♦❤❧❡❞♥♣❞♦② ❡③✳❩❛♠❝♦❦ ✉➽♥✐❝❡♥❛✈❧❝✐
❡✐✈♣❞♦②❡③♦❜❛③❞♦ ✈✐❧❝❤ ❡❡❦✱♣❥❞❡✉❡③ ❦✉➽❡❧❡♦❞✈♦❥✐❝✐ ♦✉ ❡❞✲

♥❝❤❦✉➽♥✐❝ ♣♦❧♦♠ ②③ ❦❛♥♠✐ ❡❥♥ ❥❛❦♦✈♣❡❞❝❤♦③♠♣ ❦❧❛❞✳ ❡❦②
♣❞♦② ❝❤♦ ❡③ ♣❛❦❜✉❞♦✉♣❞♦②②♣ ♥✐❦♦✈❝❤❜♦❞ 1✲8✳❱♦♠♦♣♦✲
❤❧❡❞✉♥❛✈❝➽❞♥ ❞✈❛♥❡❜✉❞♦✉ ♣❧✈❛✳

✐ ③♥❝❤✈♦❧❜❝❤♣♦❧♦♠ ♣♦♠♦❝♥❝❤❦✉❧♦✈❝❤♣❧♦❝❤✹♠ ➽❡♠❡✈②♣♦③♦✲
♦✈❛✱➽❡♥❡♠ ♠② ❧✉✈❛➽♦✈❛♣♦❧♦♠ ♠❡♥➵ ♥❡➽ ❛❦♦✈✱❛❜②❡♣ ❧✉➵♥❦✉❧♦✈

♣❧♦❝❤❛③❡✈♥✐ ❞♦ ❦❛❧❛♣❧➵ ❦✉➽❡❧❡✭✈✐③ ❡✈❡♥ ❦✉➽♥✐❝❡✈♥ ②❡✮✳✺❖❜♦❞❡❝❤
♣ ♥✐❦✉③ ❦❛♥❝❤ ♦✉♦✈♦❧❜♦✉♣♦❧♦♠ ✉❜✉❞❡ ❡ ♣♦③❞❥✐✱♣♦♦✈♦❜ ③❦✉✹✳✸
②♦❜♦❞②❝❤②❜✳ ♦❞♦❜♥ ♥❡♠ ♠② ❧✈♦❧✐♣♦❧♦♠ ❦✉❧♦✈ ♣❧♦❝❤②♥❛♦❧✐❦✈❡❧❦✱

❛❜②❥❡❥♦❜②✈♥ ②❡✈❜❡❝♥❡♣♦♥❛❧❤❛♥✐❝✐❧✐❝❤♦❜➽♥❦❛✱✈♥♠➽ ❡♣❡❦ ✈❛❥
♥ ②②③❛❞❛♥❝❤ ❧❡✳◆❡❥✈➵❦✉❧♦✈♦✉♣❧♦❝❤♦✉✱❦❡♦✉ ♠ ♠② ❧✈♦❧✐✱❥❡❛❦
❦✉❧♦✈ ♣❧♦❝❤❛✈②③♥❛❡♥ ✈♦❜ ③❦✉③❡❧❡♥✱❦❡ ♣♦❝❤③✈❝❤♦❧②❞♦❧♥♣♦❞ ❛✈②
③♠✐♦✈❛♥❤♦❧✐❝❤♦❜➽♥❦❛✳✻❏❡③❡❥♠✱➽❡❦✉❧♦✈♣❧♦❝❤② ✈ ➵♠♣♦❧♦♠ ❡♠❜②
♥❛③❛❞❛♥❝❤ ❧❡❡❝❤✈②♥❛❧②❦✉➽♥✐❝❡✱❦❡ ❜②➽❞♥ ♣♦❧❡♥ ❜♦❞②♥❡♠❧②✳

♦✉➽✐❥❡♠❡✲❧✐❞♦ ❛❡♥ ♠♥♦➽ ✈❦✉❧♦✈❝❤♣❧♦❝❤✱③❦♠❡♣ ♠ ②❞♦ ❛❡✲
♥❤♦♠♥♦➽ ✈❜♦❞ ♣ ♥✐❦✉♥❛ ♦✱❛❜②❝❤♦♠❥❡❥✐❝❤♣♦♣♦❥❡♥♠③ ❦❛❧✐♣❡❞ ❛✈✉
♦✈❛✉♣ ♥✐❦♦✈ ❦✐✈❦②✳❚❛❡♦③♣❛❞ ♥❛❞✈ ❛♠♦ ❛♥ ✐✱❛♣ ♥✐❦❥❡ ❡❞②
♣♦❞❧❡♣♦③♥♠❦②✹✳✶ ♣❧♥✳❑❛➽❞♠✉❜♦❞✉♥ ②✉♣ ♥✐❦♦✈ ❦✐✈❦②✭✈❥✐♠❦♦✉

② ❜♦❞✱③♥✐❝❤➽❞✈❛❥♦✉❥✐➽③♥♠ ❜♦❞②3❛4✮♥❛✈❝✈♣❞♦②❡♦❞♣♦✈❞❛❥
❞✈❛ ③♥ ❜♦❞② ♦✉♠ ♥ ❞✉➽❡♥ ♣♦❞❧❡♣ ♠❦②S′

1S1✳

✹❱❦♦❦♦✈❛♥♠ ❡➵❡♥❦ ♦♠✉♦♣ ❧♦✉➽♣♦✉✈♥❦✳
✺❏❡♥❛ ❡♥ ✐✱❛❜②✐♣♦♠②❧❡❧✱♣♦ ♣ ✈ ♣❧➵ ❦✉➽❡❧❡✱❛♥❡✈❧❝❡✳
✻❩❡❧❡♥ ❜♦❞②3❛4❥♦✉③❞❡③❥✐ ❝❤❞✈♦❞ ✈②③♥❛❡♥✱❛❦♦❧✐✈ ❡❥✐♠✐❜✉❞❡♠❡③❛❜✈❛

✐✈♦❜ ③❦✉✹✳✸✱❦❞❡ ✐✈➵❛❦✉❦➽❡♠❡❥✐♥ ③♣ ♦❜❥❡❥✐❝❤♥❛❧❡③❡♥✳

✺✽





❛❦✱➽❡♦❜❛❤✉❥❡♦✉✈❧❝❡✳ ♦♦♣❞♦② ❥❡❤♦❡③✉ ❛❦♦✈♦✉ ♦✈✐♥♦✉✭♥❛❥❡❤♦➽
❤❧❡❞♥❥♠❡❞ ✈❡③ ♦❦♦❛❧✐✮ ♣❧②♥❡ ❥❡❤♦♣❞♦②♥♠♦❜ ②❡♠✳❙❛ ❛❦③♥✲
♠ ♠③♣ ♦❜❡♠❞♦❤❧❡❞❛ ♥ ② ❛♥ ❧❡❞♥♣❞♦② ❡③✉❦✉➽❡❧❡❛❥❡❤♦♣ ❡❦②

♦❜②❡♠✈❧❝❡✱❡❞②♣❞♦②②❜♦❞ 5✲8✳❏❡❥✐❝❤♥②②♣❛❦♥❛❥❞❡♠❡♥❛ ❡❝❡✱
❥❡➽❥❡♥ ②❡♠♦❞♣♦✈❞❛❥❝❝❤♦❡③✉❦✉➽❡❧❡✳✽

✐ ❛♥♦✈♦✈♥ ✈✐❞✐❡❧♥♦ ✐♣ ♥✐❦♦✈❝❤❦✐✈❡❦✉✈❛➽✉❥❡♠❡ ❧❡ ❡❥♥✳❱➵❡✱
❝♦✈♥ ②❡③❝❡❧❦✐✈❦②✈✐❞♠❡✱③❞❡❜✉❞❡✈✐❞✐ ❡❧♥✱♥❡❜♦➺❥❞❡♦❥❡❥ ✱❦❡ ❡
♥❛❝❤③✈❡♣❡❞♥❝❤ ❡❝❤♣❧➵➺ ♦❜♦✉ ❧❡✳❱♣❞♦②❡♥❛♣♦✐♦♠✉✉✈✐❞♠❡
♣♦✉③❡♦❜❧♦✉❦②7✲11✲1✲9✲5❛8✲12✲2✲10✲6✳

◆❛❦♦♥❡❝✈②❡➵♠❡✈✐❞✐ ❡❧♥♦ ✐♦❜♦✉ ❧❡✳
❜

◆❛♣ ❦❧❛❞ ✹✳✷❥♠❡ ✐✉❦③❛❧✐ ✐✉❛❝✐✱✈♥➽❥❡✈❤♦❞♥ ③❛♣♦♠♦❝♥ ♣❧♦❝❤②
✈♦❧✐ ♣❧♦❝❤②❦✉❧♦✈✳❖❜❡❝♥❥❡♦♠✉ ❛❦✈♣♣❛❞❡❝❤✱❦❞②♠❛❥③❛❞❛♥ ❧❡❛ ③✲
♥♦❜➽♥ ♦②✳ ❦♥♦✉❦❧❛✐☞❦❛❝✐✈♦❧❜②♣♦♠♦❝♥❝❤♣❧♦❝❤✈③✈✐❧♦✐♥❛✈③❥❡♠♥
♣♦❧♦③❡♦ ③❦♦✉♠❛♥❝❤♦❜❥❡❦ ♥❛❜③❬✺❪♥❛ ❛♥❝❤✶✷✵❛➽✶✷✹✳

❩✈ ❡♠❦❛♣✐♦❧②✉✈❡♠❡❞✈ ♣♦③♥♠❦②✿

♦③♥♠❦❛ ✹✳✷✳❱♥ ❦❡ ❝❤✉❡❜♥✐❝❝❤✭♥❛♣❦❧❛❞✈❬✷✱ ✳✷✽✶❛✷✽✺❪✮♥❡♦✉
♠❡ ♦❞②♣♦✉➽✈❛♥ ✈ ♦❦❛♣✐♦❧❡ ♣❡❝✐❧♥♥③✈②✿ ♠❡ ♦❞❛ ♦✈♥♦❜➽♥❝❤ ❡③
❛ ♠❡ ♦❞❛ ♦✉ ❡❞♥❝❤❦✉❧♦✈❝❤♣❧♦❝❤✳

♦③♥♠❦❛ ✹✳✸✳❱♣✐❧♦➽❡♥❝❤♦✉❜♦❡❝❤♦❜❛❤✉❥❝❝❤❦♦❦♦✈❛♥ ❡➵❡♥✈③♦♦✈❝❤
♣ ❦❧❛❞ ③ ♦❦❛♣✐♦❧②❥❡ ♠♦➽♥ ♣♦♠♦❝ ♣♦✉✈♥❦ ♠ ♥✐ ♣♦❧♦♠ ②③❛❞❛♥❝❤

❧❡✳❱③✈✐❧♦✐♥❛♥✐❝❤❛❦✉➽✐✈❛❡❧♠➽❡③❦♦✉♠❛♣♦♠♥②♣ ♥✐❦♦✈ ❦✐✈❦②✳

✽❖♣ ❡❞♦♣♦✉✉❥❡ ❡♥ ✐✱❛❜②✐♦③♠②❧❡❧✱❥❛❦❜②❡ ②♦❜♦❞②♥❛➵❧②♣♦♠♦❝ ❦✉❧♦✈
♣❧♦❝❤②✳

✻✵



✺✳ ❍❛♥❛ ❛♦❜❧ ❧❡♦

❱ ♠❝✐③❦♦✉♠❛♥ ❧✐❡❛✉②♥❡❜✈ ♣❛✈✐❞❧❡♠✈♥♦✈❛ ♣ ♥✐❦✉❤❛♥❛ ❤♦
❧❡❛ ♦❜❧♠③✈❧ ➵♥ ♣♦③♦♥♦ ✳❱➵✐♥♦✉ ❡ ♦✉♦♣♦❜❧❡♠❛✐❦♦✉♥❡❡❦♠❡

❜✉ ✈❜❡❝✱♥❡❜♦♥❡❜♦❥❡❥ ✈♥♦✈♥♦♥❦♦❧✐❦♣ ❦❧❛❞ ✈ ♠❝✐ ♠❛ ✉♣ ♥✐❦✉
❞✈♦✉♦❜❧❝❤♣❧♦❝❤✳ ❱❥✐♠❦✉✈♦ ♣♦✉③❡❬✶❪✱❬✾❪✱❬✶✵❪❛❬✶✶❪✱❦❞❡♥❛ ♦♦ ♠❛
♥❛❥❞❡♠❡ ❛♠♦ ❛♥♦✉❦❛♣✐♦❧✉❛❦♦♠ ❬✾❪✐❡♥ ♣ ❦❧❛❞②✳❚❛❦ ♠❧♦♣♦ ♦✉
✈♥♦✈❛♥❤♦✈❧✐❡❛✉❡♣ ♥✐❦✉❤❛♥❛ ❤♦ ❧❡❛ ♦❜❧♠✈➵❛❦♠ ✈ ♦♣♦❞ ❛✲
♥♥✳❑❥❡❤♦♥❛❧❡③❡♥ ♦✐➽♥❡♣♦❡❜✉❥❡♠❡♥✐❝✱ ♠❜②❝❤♦♠ ❡✉➽♥❡❜②❧✐❡❦❛❧✐✳
❊①✐✉❥❞✈ ♠♦➽♥♦ ✐✱❥❛❦♥❛♣♦❜❧♠♥❛❤❧➽❡✿

✶✳ ♦ ✉♣✉❥❡♠❡ ❡❥♥ ❥❛❦♦✉♣ ♥✐❦✉❞✈♦✉♦❜❧❝❤ ❧❡✱❥✳✈♦❧♠❡ ♦✉ ❛✈✉
♣♦♠♦❝♥❝❤♦✈✐♥✱❤❧❡❞♠❡❥❡❥✐❝❤ ❡③②❡③❛❞❛♥♠✐ ❧❡②❛♣ ❡❦② ❝❤♦
❡③✱❦❡ ♣❛❦ ✈♦ ♣ ♥✐❦♦✈♦✉❦✐✈❦✉♦❜♦✉ ❧❡✳❙♦✉❛✈✉ ♦✈✐♥✈♦❧♠❡

♣♦❞❧❡♣♦❧♦❤② ❧❡❛✈ ✐♣ ♠ ♥♠ ❛❦✱❛❜②❜②❧②♣ ♠ ② ❡③ ❝♦♥❡❥❥❡❞✲
♥♦❞✉➵➵✳

✷✳ ❱②✉➽✐❥❡♠❡❢❛❦✉✱➽❡ ♥②❤❛♥❛ ❤♦ ❧❡❛❥♦✉ ♠✐ ♦✈✐♥✱❛③♥❛❧♦ ✐
♠❡ ♦❞❤❧❡❞♥ ❡③ ♦❜❧❤♦ ❧❡❛ ♦✈✐♥♦✉✳ ❡③❡♠♦❜❧❤♦ ❧❡❛ ♦✈✐♥②
❥❡✭✈❡♠② ❧✉♣♦③♥♠❦②✶✳✶✮✈➽❞②♥ ❦❡ ③❦✉➽❡❧♦❡❡❦✱♣♣❛❞♥ ❥❡❥ ✱
♥❦❞② ❛❦ ❞♦♣❧♥♥ ❡❦♦✉✭♣♦♥✲❧✐♦✈✐♥❛✐♣♦❞ ❛✈✉ ❧❡❛✮✳ ❑✉➽❡✲
❧♦❡❦❛♠✐♥❡❜♦❥❡❥✐❝❤ ♠✐❥ ♦✉ ❛❦ ♣ ♠ ② ❛❦♦✈❤♦ ❡③✉✳ ♥✐❦♦✈♦✉
❦✐✈❦✉❤❛♥❛ ❤♦ ❧❡❛ ♦❜❧♠ ❡❞② ♠➽❡♠❡ ❡ ♦❥✐ ❥❛❦♦ ✐❦✉➽❡❧♦✲
❡❡❦♣♦♠♦❝❥❡❥✐❝❤✈❧❛♥♦ ❛✈③♥❛♥❝❤❜♦❞✳

◆❡❥ ❛ ❥✐❜✈ ✈❤♦❞♥ ♦❜❛③♠♥♥ ♣♦ ✉♣②❦♦♠❜✐♥♦✈❛✳❱ ♦❦❛♣✐♦❧❡ ✐
♣♦✉➽✐ ♦❜♦✉③♥✐❝❤✉❦➽❡♠❡♥❛♥ ❧❡❞✉❥❝♠♣ ❦❧❛❞✳

❦❧❛❞✺✳✶✳◆❛❥❞ ❡♣ ♥✐❦❦♦❧♠❤♦ ②❜♦❦❤♦❥❡❤❧❛♥✉ABCDV ❛ ♦❛♥❤♦
✈❧❝❡✳

♦❧♦♠ ✈❧❝❡❥❡3,5❛❥❡❞♥❛③❥❡❤♦♣♦❞ ❛✈✱❦❡ ❧❡➽✈♣❞♦②♥✱ ♠ ❡❞
S=[4;6;0]✳❱➵❦❛✈❧❝❡❥❡10✳ ♦❞ ❛✈❛❥❡❤❧❛♥✉❧❡➽ ❛❦ ✈♣❞♦②♥✳❚✈♦
❥✐♦❜❞❧♥❦ABCD ❞❛♥ ❤❧♦♣ ❦♦✉AC✱✈♥➽A =[1;11;0]✱C =[7;1;0]✱
❛♣♦❞♠♥❦♦✉✱➽❡❥❡❤♦ ❛♥②BC ❛DA ❡❞♦ ❦❛❥ ♣♦❞ ❛✈♥ ❦✉➽♥✐❝❡✈❧❝❡✳
❱ ➵❦❛❥❡❤❧❛♥✉❥❡8✳

❡➵❡♥✿❖❛✈❧❝❡❥❡❦♦❧♠❦♣❞♦②♥✳ ♦♦ ❡❝❡❧ ♣❧➵➺♣♦♠♥❡❞♦♣❞♦✲
②✉❥❛❦♦❦✉➽♥✐❝❡✳❱③❤❧❡❞❡♠❦ ♦♠✉✱➽❡♣ ♥✐❦♦✈ ❦✐✈❦❛❜✉❞❡✈♦♠♦♣❧➵✐

❧❡➽❡✶✱♣❡❦②❥❡✈♣❞♦②✉♣ ✈ ✉♦❦✉➽♥✐❝✐✱♥❡❜♦❛❧❡♣♦ ❥❡❥ ✳❩❜✈
✈➵❛❦❞♦❤❧❡❞❛ ❥❡❥♥ ②✳

◆❡❥❞ ✈❡♦✉❞❧♠❡❜♦❞♦✈ ✱❡❞②③♣ ♦❜❡♠♣♦♣❛♥♠✈♣ ♣❛❞ ✶✳❱❤♦❞♥♠✐
♣♦♠♦❝♥♠✐ ♦✈✐♥❛♠✐❜✉❞♦✉ ♦✈✐♥② ♦✈♥♦❜➽♥ ♣❞♦②♥♦✉✳✷❱♦❜ ③❦✉✺✳✶❥❡
③❛ ✉♣✉❥❡ ♦✈✐♥❛α✳◆②② ❡③ ♦❜♦✉ ❧❡ ❛❦♦✈♦✉ ♦✈✐♥♦✉❥♦✉♣❡❦ ✈❛❥❝ ❡

✶❯✈❛➽✉❥❡♠❡♦♣ ♣♦✉③❡♣ ♥✐❦♣❧➵➺✱♣♦♦♣♦♠❥♠❡❦ ✉❤✱❦❡ ❥❡♣♦❧❡♥ ♣♦❞ ❛✈♠
♦❜♦✉ ❧❡✳

✷❩❤❧❡❞✐❦❛ ②♣✉ ❡③ ❜② ❡ ♠♦❤❧②❥❡✈✐ ❥❛❦♦♣✐❥❛❡❧♥ ✐♦✈✐♥② ♠ ♦✈ ✈③❤❧❡❞❡♠❦✈❧❝✐✳
❱ ♦♠♦♣ ♣❛❞ ❡✈➵❛❦❥❡❥✐❝❤♣♦✉➽✐ ❛➽♥❛ ♣❡❝✐❧♥♣ ♣❛❞②♥❡❞♦♣♦✉✉❥❡✱♥❡❜♦➺❜②✈❡❞❧♦
③♣❛✈✐❞❧❛❦♣ ❡ ❦♠♣♦❞ ♠❛❧ ♠✐ ❤❧②✳

✻✶







♥❡❜♦❛❧❡♣♦ ❞✉➽❡♥❝❤♣ ♠ ✱❦♥✐♠➽❜②❝❤♦♠♥❧❡❞♥❞♦❤❧❡❞❛❧✐♦②❘②✲
③♦✈♦✉❦♦♥ ✉❦❝✳❇✉❞❡♠❡✈②❝❤③❡③♣❞♦②✉✱♣♦♦➽❡③❞❡✉➽✈➵❡❝❤♥② ②✐❡③②
♠ ♠❡④③♦❜ ❛③✉❥ ❡❞♦❦✉➽♥✐❝❡✱❦❡ ♣❡❞ ❛✈✉❥❡♦❜②✈❧❝❡✳❱❦❛➽❞♠③ ❝❤♦
❡③ ③✈♦❧♠❡❞✈♦❥✐❝✐♥❛ ❡❜❡❦♦❧♠❝❤♣ ♠ ✱❥❡❥✐❝❤➽♥②②❜✉❞♦✉♣❡❞ ❛✈♦✈❛
❞✉➽❡♥ ♣ ♠ ②❡❧✐♣②✱❦❡ ❜✉❞❡♥ ②❡♠♣ ❧✉➵♥❤♦ ❡③✉✳❱♣♣❛❞ ❡③✉

✈❧❝❡♦✈✐♥♦✉DAV ❡❥❡❞♥ ♦❞✈♦❥✐❝✐6V1 ❛5′6′✱❦❞② ❡❦❛6V1 ♣❡❞ ❛✈✉❥❡
❛♠♦③❡❥♠ ♣♦✉③❡♣♦❧♦✈✐♥✉③♠✐♦✈❛♥❤♦♣ ♠ ✉✳❚❛❥❡♣♦❘②③♦✈✉❦♦♥ ✉❦❝✐

❞♦ ❛✉❥❝✱❛♠➽❡♠❡❡♥❛♥✐♣♦♦ ♦❤❧❡❞❡♠♥❛ ♣♦✉♠ ❛♦♠❡③✐✳❖❜❞♦❜♥
❥❡♦♠✉✉♦ ❛♥❝❤❡③✳

◆ ②②❡❧✐♣ ❡♠✉ ♣♦♥❛ ♥❛♥ ②❡❝❤❜♦♥❝❤❤❛♥❥❡❤❧❛♥✉✳ ♦♦❥❡✐③❞❡
✈❤♦❞♥✱♣♦❦✉❞♥❡ ✉❥❡♠❡♥❛♣♦ ❛✐✱③✈❧➵➺♥❛❥ ♣ ♠ ②♣ ❡❦ ❝❤♦
❤❛♥ ✈❧❝❡♠✳❙❡❥♥ ❛❦ ♠✉ ♠❡✐③❞❡♥❛❥ ❦✈❧✐ ❛♥♦✈❡♥✈✐❞✐❡❧♥♦ ✐♥②②
❜♦❞ 9❛10✳❆♥✐✈❞❛❧➵❝❤❦♦❝❝❤❡❥✐➽❡➵❡♥♦❞♣❡❞❝❤♦③♠❡ ♦❞②♥❡❧✐➵✳

❜

♦③♥♠❦❛ ✺✳✶✳❱❦♥✐③❡❬✶✺❪❥♦✉ ♠❡③✐♣ ♥✐❦②❤❛♥❛ ❛♦❜❧ ♣❧♦❝❤②③❛❤♥✉②
❛❦ ❧♦❤②♦✉♠ ♥❦♦♠✉♥✐❦❛❝❡❞♦ ❡ ♥✉✈❦ ♦✈❛♥♠♣ ♦♠ ♥✳

♦③♥♠❦❛ ✺✳✷✳❱❡✈ ✉❦♦✈❝❤♠❛❡✐❧❡❝❤❬✷✵❪❥✐ ✉ ♦✈❦ ➵❦♦❧②✈❡➵✈❝❛ ❦♠
❚❤✉♥✉♥❛❥❞❡♠❡♥❛ ❛♥ ✻♣❦❧❛❞♦❞✈♦③❡♥ ③❡③❛❥♠❛✈ ✐✉❛❝❡✳❙✈ ❦❛ ✈❛✉
♣❛✈✐❞❡❧♥❤♦ ②❜♦❦❤♦❤❛♥♦❧✉③❞❡ ✈♦ ♣ ♥✐❦ ❡ ♦✉♦ ♠✈ ❧❝❡♠✱✈❥❡❤♦➽
✈❛✉ ❡♣♦❞❧❡❛✉♦❛➵ ❡♣❧♦❦♦❧❡♠♣❧❛♠❡♥❡✳

♦③♥♠❦❛ ✺✳✸✳❱ ❚ ♥❦ ✉❧✐❦② ❡♥❛❝❤③♣❛♥❦ ❧♦➽❡♥③❦♦♠♦❧❤♦❥❡❤❧❛♥✉
❛❦♦✉❧❡✭♦❜ ③❡❦✺✳✸✮✳❑♦❧❡♠❥❞♦✉❝ ❡❛❦♠➽❡♣♦❦♦❝❤❛ ♠✐❦ ✉➽♥✐❝✱③♥✐❝❤➽
❥❡❧♦➽❡♥♣ ♥✐❦♦✈ ❦✐✈❦❛ ❝❤♦ ❧❡❛❦❡ ❥♦✉♥❛♣❛♥❦✉♣❦♥ ✈✐❞ ✳

❖❜ ③❡❦✺✳✸

✻✹



✻✳ ❦❧❛❞②

❱♣♦❧❡❞♥❦❛♣✐♦❧❡✉✈❡❞❡♠❡♣❡❤❧❡❞♣❦❧❛❞ ❡❜ ❛♥❝❤♥❛♣ ❡❞♦➵❦♦❧✲
❦♠✐✐♥ ❦❡ ♠✐✈② ♦❦♦➵❦♦❧❦♠✐✉ ❡❜✐❝❡♠✐✳❏♦✉ ♦③ ❞♥② ❛❦✱❛❜② ②♣♦✈

♦❞♣♦✈❞❛❧②✈③♦♦✈♠♣ ❦❧❛❞♠ ❡➵❡♥♠✈ ♦♣ ❝✐✳ ❡❞✐❦② ❥❡❥✐❝❤③❛❞♥♠✐
♥❛❧❡③♥❡ ❡♥ ♥❛♣✐❧♦➽❡♥♠❈❉✳

♠❦❛❛ ❧❡♦

❦❧❛❞② ②♣✉✷✳✶
❡➵❡♥ ♣ ❦❧❛❞✶✳✶✳✹✳✶❬✶✱ ✳✶✽❪✿ ❛✈✐❞❡❧♥ ♣ ✐❜♦❦❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣✲

❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳
❡➵❡♥ ♣ ❦❧❛❞✶✳✶✳✹✳✷❬✶✱ ✳✶✾❪
❛✈✐❞❡❧♥ ②❜♦❦ ❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳

❡➵❡♥ ♣ ❦❧❛❞✶✳✶✳✹✳✸❬✶✱ ✳✷✶❪
❛✈✐❞❡❧♥ ➵❡ ✐❜♦❦❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳
❦❧❛❞❥❡ ❡➵❡♥✈❦♦♦❤❧♠♣ ♦♠ ♥✳ ❦❧❛❞✶✳❬✶✱ ✳✷✸❪

➮②❜♦❦ ❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳
❦❧❛❞✷✳❬✶✱ ✳✷✸❪

❛✈✐❞❡❧♥ ②❜♦❦ ❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♥ ②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳
❦❧❛❞✸✳❬✶✱ ✳✷✸❪

❛✈✐❞❡❧♥ ➵❡ ✐❜♦❦❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳
❡➵❡♥ ♣ ❦❧❛❞✽✳✶✻❬✷✱ ✳✷✷✸❪

➮②❜♦❦ ❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳ ❦❧❛❞❥❡
✈②❡➵❡♥❥❛❦♣♦♠♦❝♦❜♦✉♣♦♠❛❝❝❤♦✈✐♥✱ ❛❦ ♣♦✉➽✐ ♠✈ ❝❤♦❧♦✈ ♦✈✐♥②✳

❡➵❡♥ ♣ ❦❧❛❞✶✵✳✶✵❬✷✱ ✳✸✶✻❪
❡❞❝❤③❡❥❝♣ ❦❧❛❞✽✳✶✻❥❡③❞❡ ❡➵❡♥✈❛①♦♥♦♠❡ ✐✐ ♣❛❛♠❡ ②|XY|=10✱

|YZ|=11✱|XZ|=12✳ ❦❧❛❞✽✳✸✶❬✷✱ ✳✷✷✻❪
❛✈✐❞❡❧♥ ➵❡ ✐❜♦❦❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳
❦❧❛❞✽✳✸✷❬✷✱ ✳✷✷✻❪

❛✈✐❞❡❧♥ ②❜♦❦ ❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♥ ②♥ ❛♣♠❦❛ ♦✈♥♦❜➽♥ ♥✲
②♥♦✉✳ ✐❤❧❡❞♥ ♥ ②♥ ♦♣②✈❝❤♦❧♦✈ ♦✈✐♥②♥❡♥ ♠♦➽♥ ✈②✉➽ ♥ ②♥
♦♣♥❦③❛❞❛♥ ♣ ♠❦②✱♥❡❜♦➺♥❡❡①✐ ✉❥❡✳❏❡♣♦♦♣♦ ❡❜❛♥❛❥ ♥ ②♥ ♦♣♥❦②

❞✈♦✉♣ ♠❡❦✈③♥✐❦❧ ❝❤❞✈♠❛✈♦❧❜❛♠✐❜♦❞✉K✳
❦❧❛❞✽✳✸✸❬✷✱ ✳✷✷✻❪

❛✈✐❞❡❧♥ ② ♥ ♣♦❞ ❛✈♦✉✈♦❜❡❝♥ ♦✈✐♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳
❦❧❛❞✷✵✶✳❬✸✱ ✳✹✷❪
✐❜♦❦❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳
❦❧❛❞✷✵✷✳❬✸✱ ✳✹✷❪

❛✈✐❞❡❧♥ ➵❡ ✐❜♦❦ ❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈ ♦✈✐♥ ❦♦❧♠ ❦♥ ②♥ ❛♣♠❦❛
✈♦❜❡❝♥ ♣♦❧♦③❡✳

❦❧❛❞✻✹✳❬✸✱ ✳✻✻❪
✐❜♦❦ ❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳ ❦❧❛❞❥❡

③❛❞♥♦❜ ③❦❡♠✈♣❛✈♦❤❧ ❛①♦♥♦♠❡ ✐✐✳
❦❧❛❞✾✳❬✽✱ ✳✶✺✾❪

❛✈✐❞❡❧♥ ♣ ✐❜♦❦❥❡❤❧❛♥ ♣♦❞ ❛✈♦✉✈♣❞♦②♥ ❛♣♠❦❛✈♦❜❡❝♥ ♣♦❧♦③❡✳
♦ ♦✈♥♣ ❦❛❧❞✉✈❡♥ ③❛❞♥❥❡ ❡❜❛♦✈❧❞❛ ❦♦♥ ✉❦❝✐♣❛✈✐❞❡❧♥❤♦♣✲
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