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ФкϽжЭ

ϹϱЍрІˢṪ●˴︠ ΰΪˣ 10min

ˮ ˯χᵔ ρ ├ˢṪ●ΰΪˣ 40min

ὓ▄ ᵔ ˢ︠ ΰΪˣ 15min

Ṝ ᵔ ˢ︠ ΰΪˣ 25min
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ϹϱЍрІ
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NPO ẸχṪ יּ Ɫᶊ

̔ ⁯π 6000 ϤχⱢᶊּי. 
̔ τḩϩϥṪ χיּ Ɫᶊʽ 
̔︠ Ṫ●›ᶊּיτψ ל ●χ ᾓⱢᶊΥ ΠϣϦϥʽ
̔Ɫᶊ

Ɫ ᶊ Ộ

Ṫ●ˢ ₰ˣ
₰χם

Ⱨβ ₰ʺᾝ ₰ʺ ᵔ

︠ Ṫ●ˢ ₰ˣ
₰χ ẉό יּ

ṁβ ▫ χ

Ṫ●ˢ ὓ☼Ῥˣ
ếῬⱧχם

ᵝ ὓʺ☼ῬḚ ʺ Ḛל

︠ Ṫ●ˢ ὓ☼Ῥˣ
ếῬⱧχ ẉό יּ

ᵝ ὓχ ʺῬⱧḁ ԏ ΰχ
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Ṫ יּ Ɫᶊ♯ᾓ Ῥ☼ם

̔ ᾓ ₅ ʿ2026 7Ὦ31 ˢỲˣ

̔♯   ᾓ ʿ2026 9Ὦ27 ˢ ˣ

̔♯  ᾓ  ᵓ  ʿ ⁯8 Ỹ8ᵓ
╘ ʼ ʼ Ằʼ‰≤ʼ
ᾥᴒʼ ∫ʼ ᴎ╦ʼ ᴎ

̔›  ᶊ    ʿ2026 11Ὦ / το
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Ṫ יּ Ɫᶊ♯ᾓ ♯ᾓᴬ

/

Å75

Å 30 30

/

Å90

Å30

Å 23 23
2

400 5
β 2
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Ṫ יּ Ɫᶊ♯ᾓ ᾓּי ρטϓⱢᶊּי χ ӱ

7



Ṫ יּ Ɫᶊ♯ᾓ ›ᶊ χ ӱ
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Ṫ יּ Ɫᶊ♯ᾓ ỡ χ ӱ
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Ṫ יּ Ɫᶊ♯ᾓ ›ᶊ χ ӱ
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Ṫ יּ Ɫᶊ♯ᾓ ︠ χ ϤτνΜο
›ᶊжϱр19

›ᶊжϱр19 ˜ ˜ ˜ 31ˢ16.9̋ˣ
Ṝ 2 ˜ ˜ ˜  9

›ᶊּ22 ˜ ˜ ˜יˢ12.0̋ˣ

ỡ 14.1
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ˮ ˯χᵔ ρ ├ˢṪ●ΰΪˣ 
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2026 HP
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2026 HP

14



1ʽ χ ₰ʾ☼ῬτḩϩϥṪ ṁ  ͑ ˢ Ẹᵓˣל

2ʽ ₰χṁ ρם  ˵ Ϭϙϥ˵ ˢ Ẹᵓˣל

3ʽ ṛ ὺ ṁ ὓ◙ ˢ ὺ ᶘᵓˣ

4ʽὺ ṁ   ὓ◙ ˢ ὺ ᶘᵓˣ

5ʽ ←ЫИвϯиχᵔ ˢΧϡΞδΜˣ

6ʽ2018 ὺ χθϛχᵠ χ ὓẉό Ḛל ◙

 ˢ ὺ ЈрЌ˔,ЦЌ˔зРрϽˣ

7ʽ ₰χ ρᵔ ˢ Ῥᶘᵓˣ

8ʽ ∙ ♯ᾓχ ρᵔ ˢ Ῥᶘᵓˣ

9ʽ ᾓṁ♯ל ρ︣ԏΦˢ Ῥᶘᵓˣ

10ʽ χ ם₰ ˢ Ῥᶘᵓˣ

11ʽЈЮрЕὉᾧᴟ∙τϢϥ ᵠ ЫИвϯиˢЈЮрЕẸᵓˣ

12ʽὺ Ṫ χθϛχיּ Ἱ ˢᾥ₈ Ԛˣ

13ʽ Ϭ ρΰθׁ ᴟ ₰ʾ ├χ︣ԏ ˢйЅзϵрІЅаОрˣ

14ʽ ︠ Ṫ●ʾ Ṫ●♯ᾓⱢᶊ♯ᾓ ᵔ ˢ Ẹᵓˣל

̞ζχ ὺ ḩἰ ᵔ χ

╥― χ
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♯ᾓ χ ΥᵃẠ Τϣ ΰοΣϤʺ

τⱲḧϬ ΰοʺ

ᵃẠ ϬᵔΜοϙοΨιήΜʻ

ᵔχ ψᵔ Ϟ╥― Ϭᾕτʺ

꜡Ϭ ϛοΨιήΜʻ

ᶘ χЪϱрЕˢᵃẠ ˣ

ˢ Ӫˣ

ḁ τ αᵃẠ ψ ΰϘδϭΥʺ ꜛ ψ ς ϩϤϘδϭʻ
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̔ τṜήϦθϺ˔м˔ЖχӪ Ϭ╥― ᾅ π ϓσΥϣ ᵔβϥ.

ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.1

‭ ρψʺ ˢ ʾἋṓσςˣ τ ∕βϥ ◓Υʺ τϢμοᴞ ϒ Ϛ
χάρʻ

Ϻ˔м˔Жˢ Ἱʾ ˣʿל ‭ [ ὓ☼ῬṪ●ʾ ₰Ṫ●]

τϢϥ ◓χ ẘ⌠ ᴱ τϢϥ
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.1

⌠ ψʺ ΥᾧὫΰʺ ḵϒ ᴟΰοΜΨ⌠ χάρʻ

ӊ ⌠ ʿ ◓Υꜛϣχ ήπӊ ήϦʺ σ τσϥάρʻ
Ὣ(άΞΪν)⌠ ʿ ◓ḧτΚμθ τḯϘϦϥ ΥὫל ᴟΰʺζϦΥ ◓ ●ϬὌΩάρʻ

ӊ ⌠ ̠ Ὣ⌠ τϢμο Υ ḵτσϥ⌠ Ϭ ⌠ ρΜΞʻ

Ϻ˔м˔Жˢ Ἱʾ ˣʿל ⌠ [ ὓ☼ῬṪ●ʾ ₰Ṫ●]
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.5

Ⱳל ρᶆⱲ τ ΰθ χᾦό τψὨϘϤΥΚϥʻ
Ⱳל ʿ ʾṙʾ ʾṍ
ΰθ ʿᵦʾὉʾ ʾᵬ

Ϻ˔м˔Жˢ Ἱʾ ˣʿḁל ˢᴏ ˣ [ ὓ☼ῬṪ●]

ל

ᵼ

ᵼ
2
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.55

ψʺЄиЕΣϢό Ϭ︠ ρβϥ⇔ πΚϤʺ ΣϢό Ϭ βϥ χ ʻ

Ϻ˔м˔Жˢ ˣʿל [ ₰Ṫ●]

20

∙ל χῬᶘ Ὁˢ ˣ

∙ χ ἺỸ ρᾦό

̞ ʿᵰ ϬᴥΠο Ἱήδθῇʺ
ᵰ Ϭ ΜοϜᾕχἹτ ϣσΜʻ

χ

ל₳  ρ ϓοδϭ ΌᶑѰΥ ήΜʻ
ל₳  ρ ϓο cΥ ΦΜʻ
 … χ ◓ḧὫ› ʾ τϢϤʺ Ⱳχἣ ΰ
 δϭ τ ΰοϜׁ ᴟΥ ατΨΜʻ
 ḧ eΥ ΦΨʺḯ Υ‰Μʻ
 ӊ ᴞΥ ṍ τσϤϞβΜʻ



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.169

χῬᶘ Ϭ ϥθϛχ♯ᾓψʺ Υⱨθל Ϭ αϽи˔ФτϘρϛοʺ
Ͻи˔Фέρτấ Ϭ ӃπΦϥϢΞτΰθ♯ᾓχάρʻ

Ϻ˔м˔Жˢ ˣʿל χῬᶘ Ϭ ϥθϛχ♯ᾓ [ ὓ☼ῬṪ●]

︠σῬᶘ Ϭ ϥθϛχ♯ᾓ
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.93

ׁ ᴟᾝ ψʺ χḜΨ ΰθ₳ל ψʺếΜ ϦϬἣ ΰ Ϊϥρʺ
ḧ ӊΥ ΰʺ Ⱳτ ◓ḧϬῺ βϥᴂ Υᾚ ΰοʺ ◓Υ τ
ΨϢΞσ ρσϥᾝ ϬΜΞʻ

Ϻ˔м˔Жˢ χׁ ᴟˣʿׁ ᴟᾝ [ ὓ☼ῬṪ●]

ׁ ᴟχЮϸИЇЭ

22

(a)ꜛ   (b)  (c)ׁ ᴟ  (d)ׁ ᴟῇ



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.157 p.95

ἹỸ Ϟ ϬḯϚ χ χ ʺ τḩβϥ σςΤϣʺ
χׁ ᴟχᴦ τνΜοᵵ χ ΥπΦϥʻ

Ϻ˔м˔Жˢ χׁ ᴟˣʿׁ ᴟχ [ ₰Ṫ●]

23

ἹỸ ρׁ ᴟᴦ χ χḩἰ



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.47

ʾ χὊᵃ ΣϢόӗ
ỘּיϞ☼︠Ϟự ϒχ Φ︡Ϥ τϢϤπΦϥιΪ Ψχ Ϭ βϥʻ

Ϙθʺ χФй˔ЕϞ╛ χḢ╔πϜὊᵃ Ϭ ╔πΦϥάρΥΚϥʻ ꜛ
Υӗ βϥθϛτ σⱲḧψ ῡήϞ τϢμοϜӸΜΥΚϥΥʺԁל τ
π3˙5 ל₳ʺ πψ1˙3 Υ ӗρΜϩϦοΜϥʻ פֿ τῡΜ Ϭ
“μθ ›ʺ פֿ Υӊ ᴞβϥᴦ ΥΚϥθϛʺ ῡχ ψ πΚϥʻ
σΣʺ ד ( ʺ )τῡΜ Ϭ“μθ ›ʺ10 ϬὊᵃΰοϜ פֿ χӊ ᴞ
Υ ΰσΜ ϜΚϥʻ

Ϻ˔м˔Жˢ ˣʿ χӗ ṍḧ [ ₰Ṫ●]

24



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.27 p.120

Ϻ˔м˔ЖˢSWS♯ᾓˣʿSWS♯ᾓχ ρ [ ὓ☼ῬṪ●]
SWS♯ᾓπ ϣϦϥ χ [ ₰Ṫ●]

25

Іϼзв˔ϳϵϱЕḤ ♯ᾓˢSWS♯ᾓˣχ ρ



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.68

Ϻ˔м˔Жˢ ᵠ ˣʿ Ӥ [ ₰Ṫ●]
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.71

ע ›ế Ϭ βϥ∑τ― βϓΦע ›♯ᾓρᾝ ☼Ῥ
τΣΪϥ ὯχӸΜϬ βϥˢᾝ ע/ ˣếή χάρʻ

Ϻ˔м˔Жˢ ᵠ ˣʿᾝ ע ếή ˢע ›ế ˣ[ ₰Ṫ●]

ˢᾝ ע/ ˣếή

› χ

ע˰ ›ế χ ˱
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.70 74

ᴂ ╩ᶑψʺ ᵠ ΰθ χ πʺ Τϣχᴻ ΥςχΨϣΜῲΥϤσΥϣ
ϩϥΤϬ βᶑ χάρʻ

Ϻ˔м˔Жˢ ᵠ ˣʿᴂ ╩ᶑ [ ὓ☼ῬṪ●]

ṁ ʺϓθṁ χᴂ ╩ᶑ

28

ᴂ ╩ᶑ

ὸὥὲ— (꜠3.1.8)



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.75

ὺ ᴻ τϢϥᴃΰ Φδϭ ρᵠ χ ρχνϤ›ΜϬᾁ βϥʻ
ᵠ πψʺᵠ ῡΥ Μʺᵠ ế Υ ήΜʺᵠ ᴞ χế Υ ήΜ ›τ

ОрЎрϽ ᵗˢᴃΰ Φδϭ ᵗˣχᴦ ΥΚϥʻ

Ϻ˔м˔Жˢ ᵠ ˣʿОрЎрϽ ᵗˢᴃΰ Φδϭ ᵗˣ
[ ὓ☼ῬṪ●]

ʾ ṁ χ ›

ОрЎрϽ ᵗχᾁ
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.79

ТϴЛ˔иТЌйϱр ׁχ ᴂτϢϥᶉ ₤›χỡԁ Ϭԁ 2ᴷ Ϙθψ50 τνΦ1ᵕ“Ξʻ
ТϴЛ˔иТЌйϱр ᴂˢᵠ ψ τ ᴟˣτϢϤʺᶉ ЭжΥ ♪ᶎ πΦϥʻᶉ ЭжΥ
ᶎ ήϦθ ›ψʺ κτ™ᶉ ₤›Ϭם☼βϥʻ

Ϻ˔м˔Жˢ ᵠ ˣʿ ᵠ χ☼ῬḚ ˢТϴЛ˔иТЌйϱр ׁˣ
[ ὓ☼ῬṪ●]

אּ ТϴЛ˔иТЌйϱр ᴂ
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.101

Ϻ˔м˔Жˢ ᵠ ˣʿ ệχᶎ ˢ♯ἕˣ [ ὓ☼ῬṪ●]

31

ʾ ᵠ ψʺ ρᾧᴟ∙Ϭᶉ ₤›βϥάρτϢϤᵠ Ϭ βϥῬ πβΥʺ
χֲốϬếΨ ΪϥάρΤϣʺ χᶎל ψ ⱧʻϥΚπ‮

ʾ ᶎל χθϛχ♯ἕψʺᵠ +1m Ϙπ♯ἕϷ˔Ϲ˔τϢϤ ϬЂрФзрϽΰʺ
₰Ⱳχ ρל ΰΨӰσϥ ›ψ ὓּיρẸṳβϥʻ

ʾЂрФзрϽΰθ Ϭ ▒ Ṁ(ph Ṁ) πph Ϭᶎ ΰʺ Ϭ Πϥ▒ χ
›τψ ὓּיρẸṳΰʺע ›♯ᾓϬם☼ΰʺ ᴥ χ™ᾁ Ϭ“Ξʻ

ʾ♯ἕⱲτ Ṑל χ₤ Υᶎ ήϦθ ›ψʺᾧᴟ∙ ᴥ χ  ΣϢό χ   Ϭ ὓ
ρẸṳβϥʻיּ ệτϢμοψῬ ꜛ χ  Ϝᾁ ΰσΪϦωσϣσΜάρϜΚϥʻ

אּ ♯ἕϷ˔Ϲ˔ אּ ᶎל ệ אּ ▒ Ṁ(ph Ṁ)



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.84 85

ᵠ ψ2.0mӟ ʺ8.0mӟᴞϬᾖ ρβϥʻθιΰʺ2.0m χ ›ψᵠ ἺϞ ΣϢό χ
ᾁ Υ ρσϥʻ

Ϻ˔м˔Жˢ ᵠ ˣʿ ὓχ―Π ˢ ˣ [ ₰Ṫ●]

ᵠ 2.0m Ⱳχᵠ Ἲ800mm ᵠ 2.0m ⱲχУкАϼ

˲ᵠ 2.0m χ ›χ ├˳
ᵠ χꜛ Ϭ― βϥρӗ τ ΥΚϥρ―ΠϣϦϥθϛʺᵠ ἺϬ800mmӟ ρβϥʻ
ϘθψУкАϼ ˢᵠ Ἲχ10%ӟ χжАФ ˣρβϥʻ
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.98

ᶉ ψᶉ Υ4 ӟ ʺẶᵕϤ ♁ ˢ ♁ ˣΥ ΜοΜϥσςʺԁ ṁ ӟ χἹ
χᶉ π☼ῬϬ“Ξʻ

Ϻ˔м˔Жˢ ᵠ ˣʿᶉ [ ὓ☼ῬṪ●]

אּ ᶉ

ʾᶉ ΣϢόἕ⌡ ψʺ ὓᵠ Ἲӟ Τνᵠ Ἲ+10mm
ӟ ρβϥʻ

ʾẶᵕϤᾝ ♁χθϛʺẶᵕϤ ♁ ˢ ♁ ˣχ Μθ
ϜχϬ γ► βϥʻẶᵕϤ ♁ ψʺἕ⌡ ρᶉ χ
ḧτ ΰʺᶉ ΣϢόἕ⌡ ϢϤ ΥΚϥϜχϬ►
βϥʻ

ᵑ ᵒ

ᵓ

ᵔ

╡

33



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.99ẶᵕϤ ♁ χ ᶤ

34

Ϻ˔м˔Жˢ ᵠ ˣʿẶᵕϤ ♁ ˢ ♁ ˣ [ ὓ☼ῬṪ●]



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.101 102 112

Ϻ˔м˔Жˢ ᵠ ˣʿᶉ ₤›ʺІжз˔χ
[ ₰Ṫ●ʾ ὓ☼ῬṪ●]

35

ʾᶉ ψᾖ ρΰοʺἕ Ⱳʾԏ ⱲϬ1Ђϱϼиρΰʺ2ЂϱϼиˢЍУиᶉ ˣχᶉ
꜠ρβϥʻ α2Ђϱϼи ꜠πϜ χ▫ χӸΜτϢϤᶉ ₤›χ︣ Ϝ ϩϥʻ

ʾᶉ ₤›Ⱳτ ΤϣІжз˔χ ΥϙϣϦϥ ›τψʺ
1ˣἕ ʾԏ χᾚ
2ˣІжз˔χ χᾚ
3ˣІжз˔Ϭ βϥЌϱЬрϽχ  
4ˣ֕₢ Ϥᵕ χ σςχ☼Ῥὓᵊχᾋ ΰ
σςϬ“ΜʺІжз˔Υ ΰσΜάρϬᶎ βϥ ΥΚϥʻ

1Ђϱϼи ἕ Ⱳτ Іжз˔Ϭ 1Ђϱϼи ἕ ⱲΣϢόԏ Ⱳτ Іжз˔Ϭ

ʿІжз˔ ӡ



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.84 111

Ϻ˔м˔Жˢ ᵠ ˣʿ֕₢ Ϥᵕ [ ₰Ṫ●ʾ ὓ☼ῬṪ●]

36

ʾ֕₢ Ϥᵕ ψʺᾖ ρΰο1Ή θϤ300ᵕӟ ρΰʺ♯ἕⱲχ ל ệτϢϤᶉ Эж
Υ ΰϞβΜ ʺτνΜοψל Ṩ  βϥʻᵠ ˢᶉ ˣχ ἺΥ ήΨσϥρʺ
ᶉ ӤΥỉΨσϤᵠ χ ᶎל Υ ΰΨσϥρ―ΠϣϦϥθϛʺᵠ Ἲ500mmӟ
600mm χ ›ψʺỡԁσᵠ Ϭ βϥθϛτʺ֕₢ Ϥᵕ Ϭ1Ή θϤ450ᵕӟ
ρβϥʻ

ʾ֕₢ Ϥᵕ ψʺᶉ ʺ꞊ᵕ ʺἕ ʺԏ Τϣ▄ βϥάρΥπΦϥʻ



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.84 111

Ϻ˔м˔Жˢ ᵠ ˣʿ֕₢ Ϥᵕ [ ₰Ṫ●ʾ ὓ☼ῬṪ●]

37

/

1 1   1  1
  

rpm            
m/min)        (m/min)    (m/min)           m/min

                                                       1  2
1               1    1       1

                    4 40                                    
1           2          2  2

 

         160     0.5          0.5 0.5

         160  2.5 400



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.113

Ϻ˔м˔Жˢ ᵠ ˣʿᵠ χ Ḛל ˢằ♯ χ⅜︡ ˣ
[ ὓ☼ῬṪ●]

38

ʾᵠ χ Ḛל ρΰοʺ χӡ Τϣ⅜︡ήϦθЯ˔иЖЀϯằ♯ τϢϥԁ꞊ӊ
♯ᾓϬם☼βϥʻ
ʾԁ꞊ӊ ♯ᾓτ σЯ˔иЖЀϯằ♯ χ⅜︡ ψʺᶆᾝ 1ᴷ ӟ Τνʺᵠ 50 τ
νΦ1ᴷ ӟ ρβϥʻ

ʾằ♯ χ⅜︡ ψʺ1ᴷ τνΦ2 ӟ ρΰʺ⅜︡ ψᵠ ρ ὓ ρβϥʻ
ʾằ♯ ψ1 τνΦΩ πϜ3 ӟ ρβϥʻ

Ŷ    Ÿ

˓ᵠ
ᴂ Υ βϥθϛʺ ל π

˓ᵠ
ế ᾝΥ Μρ ήϦϥ
˹ ὓ
̞ φ χΩ πψσΜ



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.120

ῢἺ‫Ḛψʺԁ   ‫‫ḚˢSTK400ӟ ˣϬ Μϥʻ
ΤϣὨϘϥ∙‫ ṍẨ ӊ ᴂ ψʺṁ ế Ϟ⇔ τϢϥ ᾚ σςτϢϤ▄ βϥʻ

Ϻ˔м˔Жˢ ῢἺ‫Ḛˣʿṁ ế ʺ⇔ [ ὓ☼ῬṪ●]

˲ΤϣὨϘϥ∙‫ ṍẨ ӊ ᴂ ˳

39



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

pp.128 133

κ♁ϛḚ ρ◦ⱱ χᶎ
♯ᾓ τϢϥḚ Еиϼ χ ˢ ˣ
♯ᾓ τϢϥ ӡḤ τΣΪϥᵕ χ ˢ ˣ
ӊ ˢ ˣ
‫Ḛ∏ᴻ♯ᾓˢ1у ӟ ˣ

Ϻ˔м˔Жˢ ῢἺ‫Ḛˣʿ κ♁ϛḚ ʺ◦ⱱ ₢ Ϧ
[ ₰Ṫ●]

♯ᾓ τϢϥḚ Еиϼ χ
₰ᴷ ự π♯ᾓ Ϭ“Μʺᵕ Еиϼ Ϭὓ π Ṝ ΰʺᵕ Еиϼ ρ ₰Ὣ

ᴮχḩἰΤϣ κ♁ϛḚ Еиϼ Ϭ βϥʻ
τᶈ ΥσΜ ›ψʺ Όχ τ ╗χֲốΥ ΦΨ Φʺ☼ῬⱲχר ʺ‫Ḛ ΣϢ

ό Ỳἇχ τϢϤЕиϼ Υ βϥθϛʺ Ӫβϥ ΥΚϥʻάχ ›ʺӊ χ Ϟ ӡ
Ḥ θϤχᵕ χ Ϭ ΰο“ΞάρΥ ϘΰΜʻ
Ḛ Еиϼ τ ΰθ ήϬ◦ⱱ ρΰʺζχ ήϢϤ1D(ᶈ Φχ ›͍Dw )ӟ ᵕ ӊ ΰʺ
χ κ♁ϛḚ ρβϥʻ

(m) (m) 10 20 30 40 50

1.00

1.15

2.15

3.15

4.15

5.15

5.50

6.15

7.15

8.15

8.50

♩ꜟ◒

(kN m)

N

1

1

0

1

2

11

12

13

2.35

2.44

3.68

3.17

2.53

4.25

4.97

5.06

4.80

5.18

5.89

7.82

10.2

11.3
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

pp.128 133

κ♁ϛḚ ρ◦ⱱ χᶎ
♯ᾓ τϢϥḚ Еиϼ χ ˢ ˣ
♯ᾓ τϢϥ ӡḤ τΣΪϥᵕ χ ˢ ˣ
ӊ ˢ ˣ
‫Ḛ∏ᴻ♯ᾓˢ1у ӟ ˣ

Ϻ˔м˔Жˢ ῢἺ‫Ḛˣʿ κ♁ϛḚ ʺ◦ⱱ ₢ Ϧ
[ ₰Ṫ●]

ӊ
ὓ Ϙπӊ ΰθ∑χΩ ӊ Ϭ ΰʺ ὓⱲχ ṍẨ ר ◦ⱱ χ

2 ӟ πΚϥάρϬᶎ βϥʻӊ π☼ῬḚ Ϭ“Ξ ῬⱲχӊ☼םʺ‹
ψ☼ῬṐᵣ τ ΦΨ₮֒ήϦϥάρΤϣʺζϦηϦχ Ϟ ὓὓ

ᵊ ʺẨ ר ◦ⱱ Υ πΦϥϢΞσ☼ῬṐᵣχ Υ πΚϥʻ
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.130

Ϻ˔м˔Жˢ ῢἺ‫Ḛˣʿ ṍẨ φαϦ [ ὓ☼ῬṪ●]

42

κ♁ϛḚ Еиϼ ψʺ‫Ḛχ ṍẨ φαϦếήϬ ᵕμοψΜΪσΜʻ

Πωʺ ▫ ΥᵰἺ114.3mmʺ ῡ4.5mmʺSTK400χ ›ʺ ṍẨ φαϤếήψ
11.1kNʾmπΚϥθϛʺ κ♁ϛḚ Еиϼ Υ11.1kNʾmϬ ᵕμοΰϘΞρʺ‫Ḛ
Υφα ϦοΰϘΞάρΥΚϥʻ



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.135 141

ОϱиχἹ ψʺד Ἱʺ ᶑἹʺHἷσςχ ⅍ІЕй˔Еρβϥʻ

ОϱиχΩ ψʺᵰ ἺϘθψד Υ150mmӟ ρβϥʻ

Ϻ˔м˔Жˢ ῢἺṌ ƠǃƞƾƖƪưǅƘƿˣʿОϱиχἹ [ ₰Ṫ●]
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ד Ἱ Hἷ ╣ᶑἹ ◌ᶑἹ

ד Ἱ ד Ἱ Hἷ(PC)
Оϱи▫ ԁ

̞ ԁ ˢד ἹˣπΚμοϜ ῟ ʾ
ψӰσϥ
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אּ ᶆ Оϱи



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.140 141 144

ОϱиχḤ τϷ˔Ϲ˔Ϭ Μο ὓⱲτ ϛθ Ϙπἕ⌡
βϥάρΥπΦϥʻϷ˔Ϲ˔ἕ⌡Ⱳχ Ӫ ψӟᴞχ Ϥʻ
ʾ ὓ ӟ Ϙπχἕ⌡ψ“ϩσΜ
ʾϷ˔Ϲ˔ἺψОϱиχᵰ ἺӟᴞϬᾖד
ʾϷ˔Ϲ˔ἕ⌡ Ӥχ◦ⱱ ˢ︠τ ╗ ˣψ― ΰσΜ

Ϻ˔м˔Жˢ ῢἺṌ ƠǃƞƾƖƪưǅƘƿˣʿϷ˔Ϲ˔ἕ⌡ [ ₰Ṫ●]

Ϸ˔Ϲ˔ἕ⌡ Ⱳχ☼Ῥ︣
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.139 144 145

ОϱиχὋ︣ψʺ Ὃ︣ϜΰΨψʺϕηὋ︣ρβϥʻОϱиχ ṍẨ ӊ ᴂ ▄ Ⱳψʺ
Ὃ︣τϢϥ ᾚΥ πΚϥʻ

Ϻ˔м˔Жˢ ῢἺṌ ƠǃƞƾƖƪưǅƘƿˣʿὋ︣ [ ₰Ṫ●ʾ ὓ☼ῬṪ●]

Ὃ︣τϢϥ ᾚ

אּ ϕηὋ︣

אּ Ὃ︣
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ᶘ χЪϱрЕˢᵃẠ ˣ

̔ᵃẠ χԁ ‭ τḩβϥ Μ

ʿ ◓ψʺ πζχ Ἲρ τᴂαθ π ‭ΰο τ βϥ
ʻϢμοʺ ◓Υ πΚϥϕςקᶖ Ϙπ֫ ήϦϥʻ

˷

46



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.1

‭ ρψʺ ˢ ʾἋṓσςˣ τ ∕βϥ ◓Υʺ τϢμοᴞ ϒ Ϛ
χάρʻ

Ϻ˔м˔Жˢ Ἱʾ ˣʿל ‭ [ ὓ☼ῬṪ●ʾ ₰Ṫ●]

τϢϥ ◓χ ẘ⌠ ᴱ τϢϥ

47



ᶘ χЪϱрЕˢᵃẠ ˣ

̔ᵃẠ χԁ ᵠ χ ὓτḩβϥ Μ

ʿὺ ᴻ τϢϥᴃΰ Φδϭ Υʺᵠ χẨ ◦ⱱ Ϭ ΠσΜ
ϢΞτὓᵊβϥʻ

˷
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.75

ὺ ᴻ τϢϥᴃΰ Φδϭ ρᵠ χ ρχνϤ›ΜϬᾁ βϥʻ
ᵠ πψʺᵠ ᴞ χế τϢμοψᴃΰ Φδϭ ᵗχ

ᴦ ΥΚϥʻ

Ϻ˔м˔Жˢ ᵠ ˣʿОрЎрϽ ᵗ [ ὓ☼ῬṪ●]

ʾ ṁ χ ›

ОрЎрϽ ᵗχᾁ
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ᶘ χЪϱрЕˢᵃẠ ˣ

̔ᵃẠ χԁ ᵠ ТϴЛ˔иТЌйϱр ׁτḩβϥ Μ

ʿ τϢμοᾧᴟל ᴂΥӰσϥθϛʺᾧᴟ ệϬᶎ βϥθϛτ ΰʺ
Μ ♣ τ ᴟβϥϕςᾧᴟΥ ϭπΜϥρ πΦϥʻ

˷
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ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.79

ТϴЛ˔иТЌйϱр ׁχ ᴂτϢϥᶉ ₤›χỡԁ Ϭԁ 2ᴷ Ϙθψ50 τνΦ1ᵕ“Ξʻ
ТϴЛ˔иТЌйϱр ᴂˢᵠ ψ τ ᴟˣτϢϤʺᶉ ЭжΥ ♪ᶎ πΦϥʻᶉ ЭжΥ
ᶎ ήϦθ ›ψʺ κτ™ᶉ ₤›Ϭם☼βϥʻ

Ϻ˔м˔Жˢ ᵠ ˣʿ ᵠ χ☼ῬḚ ˢТϴЛ˔иТЌйϱр ׁˣ
[ ὓ☼ῬṪ●]

אּ ТϴЛ˔иТЌйϱр ᴂ
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ᶘ χЪϱрЕˢᵃẠ ˣ

̔ᵃẠ χԁ ῢἺ‫Ḛτḩβϥ Μ

ʿᵕ ЕиϼτϢμοʺ‫ḚτφαϤΥ αο ᵗήδσΜϢΞʺᵕ Еиϼ ψʺ
‫Ḛχ ṍẨ φαϤếήϬ ᵕμοψΜΪσΜʻ

˷

52



ᶘ χЪϱрЕˢϺ˔м˔Жˣ

p.130

Ϻ˔м˔Жˢ ῢἺ‫Ḛˣʿ ṍẨ φαϦ [ ὓ☼ῬṪ●]

53

κ♁ϛḚ Еиϼ ψʺ‫Ḛχ ṍẨ φαϦếήϬ ᵕμοψΜΪσΜʻ

Πωʺ ▫ ΥᵰἺ114.3mmʺ ῡ4.5mmʺSTK400χ ›ʺ ṍẨ φαϤếήψ
11.1kNʾmπΚϥθϛʺ κ♁ϛḚ Еиϼ Υ11.1kNʾmϬ ᵕμοΰϘΞρʺ‫Ḛ
Υφα ϦοΰϘΞάρΥΚϥʻ



ὓ▄ ᵔ ˢ︠ ΰΪˣ

54



ӊ ᴞ χὓ▄

55

Ὓ
ὅɇὌ

ρ Ὡ
ÌÏÇρ

ῳ„

ὴ

Ў„ ήɇὪ άȟὲ

Ἱᴻ Ἇᶑᴞχ ᴥᴂ χὓ▄

fB(m,n)ʿ ᴻ τ βϥḩ
ˢm= B/zʼn= L/zʼ ϢϤ▄ ˣ

B

L

B= B/2

L= L/2

S ʿӊ ᴞ (m)
̞₮꜠ψ ṛӊ Ϙθψӊ Ⱳ
Cc   ʿӊ ◙ ˢ ᾓϢϤˣ♯ל
H   ʿӊ ῡ(m)
e0 ʿ ṍḧ ˢ ᾓϢϤˣ♯ל
pc    ʿӊ ‭ ᴂ (kN/ )
чѭʿ ᴥᴂ (kN/ )
q    ʿ ӊ(kN/ )



ӊ ᴞ χὓ▄ˢὺ χ״ ᴥᴂ ˣ

56

Ў„ ήɇὪ άȟὲ

Ἱ χ ᴻ τ βϥfB(m, n)χ

B

L

B= B/2

L= L/2

ѭz(kN/ )=qʾfB(m,n)˷4

fB(m,n)ʿ ᴻ τ βϥḩ
ˢm= B/zʼn= L/zʼ ϢϤ▄ ˣ



ӊ ᴞ χὓ▄ˢὺ Ἇχ ᴥᴂ ˣ

57

Ў„ ήɇὪ άȟὲ

Ἱ χ ᴻ τ βϥfB(m, n)χ

B

L

ѭz(kN/ )=qʾfB(m,n)˷1

fB(m,n)ʿ ᴻ τ βϥḩ
ˢm= B/zʼn= L/zʼ ϢϤ▄ ˣ



ӊ ᴞ χὓ▄ˢӊ ‭ ᴂ ρ ῟ ∏ӊˣ

58

Ὓ
ὅɇὌ

ρ Ὡ
ÌÏÇρ

ῳ„

▬╬

ӊ ‭ ᴂ pc ˻ ῟ ∏ӊѭ¢ӊ

ӊ ‭ ᴂ pc ˹ ῟ ∏ӊѭ¢ ṛӊ

ӊ ‭ ᴂ pc ˻ ῟ ∏ӊѭ¢ᵃӊ



ӊ ᴞ χὓ▄ˢӊ ‭ ᴂ ρ ῟ ∏ӊˣ

59

̔ τΣΪϥὺ χ ῟ ∏ӊѭ¢ϬẐϛϥ

ѭ¢(kN/ )=ўt1˷Hw+(ўt1-ўw)˷ (H1-Hw)
 +(ўt2-ўw)˷ (Z-H1)

Ӫχ ̔Ϙπχ Ϥӊ
̞ Ӫχ ψ ϢϤӊ
χ Ϙπχ״



ӊ ᴞ χὓ▄

60

Ὓ
ὅɇὌ

ρ Ὡ
ÌÏÇρ

ῳ„

ὴ

ÌÏÇ

ÌÏÇὼ ώ ᵾ ὥÙ ὼ
ÌÏÇψ σ ᵾ ςσ ψ
ÌÏÇρπππσ ᵾ ρπσ ρπππ

ÌÏÇρȢυ ώ ᵾ ρπώ ρȢυ

ώ πȢρχφ

ḩ ψ πβ



ᴞ ʺἱּהᶑχὓ▄

Å

Å2

Å2

Å
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ᴞ ʺἱּהᶑχὓ▄

62

ἱ הּ ᶑ Ѱ 1

ἱ הּ ᶑ Ѱ 2 Ἱ ᶑ ѣ

A B C

0

-50

-200

5000 10000

ἱּהᶑј1=ˢ50-0ˣ/5000= 10/1000

ἱּהᶑј2=ˢ200-50ˣ/10000= 15/1000

Ἱᶑѣ= 15/1000˵10/1000 = 5/1000

ἱּהᶑј1

ἱּהᶑј2 Ἱᶑѣ



Ṝ ᵔ ˢ︠ ΰΪˣ

63



Ṝ ˢ ꜡Ϭ Ξ ˣ

2020 ̮ὁ᷂ ʺ̑ Ṳ

ⱳτꜘβ ῎χΞκʺ2νӟ ΰʺζχ ῎τ
νΜο δϢˢ400Ⱬӟ ˣʻ

ʾ Sr
ʾ  Dr
ʾׁ ᾢᵦ wL
ʾІй˔ϺрϽ
ʾЩϱзрϽ
ʾОрЎрϽ ᵗ

ʾ ꜠
ʾế ᾚ ♯ᾓ
ʾЪ˔ЌУиЀ˔рḤ ♯ᾓ
ʾῇ ד
ʾ
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Ṝ ˢὊᾓϬ Ξ ˣ

2018 ̮ὁ᷂ ʺ̑ Ṳ

Ⱨ ₰πψʺᾝ Ɫ ̞ʺṌ Ɫ ̞̞ʺự Д˔ЌϬ βϥʻά
χΞκṌ Ɫ Ϟự Д˔Ќσςʺ τḩ ΰθД˔Ќ Ϭᾝ
₰Ϟ ᵔ πςχϢΞτᶨ βϓΦΤˢϘθψʺὊᾓρΰοςχϢΞ
τᶨ ΰοΦθΤτνΜοˣἇ τ δϢˢ400Ⱬӟ ˣʻ

̞ ᾝ Ɫ ʿὓᵊ ΣϢόὓᵊὺ τḩβϥ Ϟ
̞̞Ṍ Ɫ ʿὺ χ τḩ ΰθⱢ

65



Ṝ ˢᴿ ᵔὨ Ϭ Ξ ˣ

2016 ̮ὁ᷂ ʺ̑ Ṳ

-1τꜘβϢΞσ τΣΜοʺ 2
ᵬὺοχ Ϭὺ βϥὓᵊΥΚϥʻ

-2τ τΣΪϥSWS♯ᾓὫᴮϬꜘ
ΰθʻ ψ0.60Ή θτ ΰʺ χ
ρ ψ͡ἷ Ϭ βϥὓᵊρσ

μοΜϥʻ

├Ϭ„ασΜπὺ ΰθρΦτ
ήϦϥ ἇ›τνΜοṜ δϢʻϘ

θʺ ήϦϥ ἇ›Ϭᵕ βϥθϛτ
ӛπΦϥ ếῬ ρζχ ρ

Ӫ τνΜοṜ δϢˢ400Ⱬӟ ˣʻ
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Ṝ χἱΰ

Å

Å

Å
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Μτ ΰο ϦσΨṜ βϥάρ

͈

H2 5 ̮ὁ᷂ ʺ̑ Ṳ ǁ

.
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Μτ ΰο ϦσΨṜ βϥάρ

1

H2 6 ̮ὁ᷂ ʺ̑ Ṳ › ǁ

1.

2.

3.
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ԁ Υ βΧϥρ ϙτΨΨσϥ˂
160

0.60

L

SWS 0.6m
L

40 50 2~
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ἇ σ ⱫϬ Μο τṜ βϥ

2₩5.5m
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ἇ σ ⱫϬ Μο τṜ βϥ

5 40kN/

40kN/

5
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ᴷ ΦϬ Μϥρ ϙϞβΨσϥ
֩ ֪

ᶱ ᵷᶉᵣᶆ ᵶᵾ ᶊ ᵴᶫᶪ ᶎ ᶍ סᶍּזּ ᴲ
ᵫ ᵸᶪᵲᶇᶊזּ ᵥ ᶗᶍ ⅓☼ ᶆᶍ᷄ḱḋ᷄ᶣᶎᶨᶞᵫ ᵧᶨᶫᶪG

֩ ∏֪
ᶱ ᵷᶉᵣᶆ ᶱ ᵸᶪᶇᴲ∙ּזᶊ ᵸ ᶱ ᵲᵸּס ᵫᵡᶪᴳ

ӡ ᶊ ᵫזּ ᵷᶪᴳ
Ӣ ᶊ᷄ḱḋ᷄ɥ ᶎᶨᶞᵫ ᵷᶪᴳ

NG
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ԁ Ῥ Ϟ ῎χ ʾ ᵒσς σṜ ψΩ ᾢτ˂

͈ SWS ֗ǺǤǵ ǲḨǬǖ Ǳ ӓѨὑ ǵ ⱪȋ ǲǫǋǭ
400 Ἤ ↓Ǯ ǣȏ

ԍ
ȷȤȥɶɅɱ╛ȳȤɱɅȡɱȮ Ƕ ♥3 cm ↓ǵɫɁɇș᷂ʴǲ ЊǜǢȒ
ǮǉȑƲ ȑș0 .25 Ʋ0 .50 Ʋ0 .75 Ʋ1 .0 Nǯ ǲʣǙǭǋǔƲ ῁ǵ

ѨὑƲ֗Ǻ100 N ǵ25 ʘ Њ ǵӭᶥ ȏȑ ►Ǧȑǵӭᶥ ș
ȈƲ᷂ ǵ ș ǲ ȈȒ˗ǓǮǔȒ᷂ ǮǉȒƳ

ȈȐȓȒNsw ǶƲ Њ ȏȑ♬ȐȓȒNΙǯ șר ǪǭǋȒ˗ǒȐ
ǞǦNΙȏȑ ӓǵѨὑǓ֯ ǮǉȒƳ
ǞǒǞǱǓȐɵɵɵɵ
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