
஫çҙçࣄç߲

1ɹ໰୊ࢠ࡭はɼ؂ಜऀ͕ʮղ౴࢝ΊʯͷࣔࢦΛ͢Δ·Ͱ։͍たりཪฦ͠たり͠ͳ͍͜

ͱ．

2ɹ໰୊ࢠ࡭΍ղ౴༻ࢴʹ୤མͷ͋ͬた৔߹ʹはਃ͠ग़Δ͜ͱ．

3ɹղ౴༻ࢴͷ֤ϖʔジॴఆཝʹɼͦΕͧΕडݧ൪߸ʢޙ࠷ͷϖʔジはɼࠨӈ 2Օॴʣɼ

Λআ͘ʣは্෦Ͱࢴ༺ʢ෺ཧֶՊͷ数ֶղ౴ࢴ༺ೖ͢Δ͜ͱ．ͳ͓ɼղ౴هΛඞ໊ͣࢯ

઀ணͯ͋͠ΔͷͰɼは͕ͣ͞ղ౴͢Δ͜ͱ．

�ɹղ౴はɼ͢΂ͯղ౴༻ࢴͷॴఆཝʹهೖ͢Δ͜ͱ．

�ɹղ౴Ҏ֎ͷ͜ͱΛॻ͍たͱ͖はɼ֘当Օॴͷղ౴Λແޮͱ͢Δ͜ͱ͕͋Δ．

�ɹղ౴༻ࢴͷཪ面はࢉܭ౳ʹ࢖༻ͯ͠΋Α͍͕ɼ࠾఺は͠ͳ͍．

� ਺ֶՊͷडऀݧはɼʮ数ֶͷୈ 1໰͔Βୈ 5໰ʯ·ͰΛղ౴͢Δ͜ͱ.

� ෺ཧֶՊͷडऀݧはɼʮ数ֶͷୈ 1໰ʯͱʮ෺ཧʯΛղ౴͢Δ͜ͱ.

� ԽֶՊͷडऀݧはɼʮӳޠʯΛղ౴͢Δ͜ͱ．

1� ੜ෺ֶՊͷडऀݧはɼʮੜ෺ʯΛղ౴͢Δ͜ͱ．

11ɹ໰୊ࢠ࡭ͷ༨നはԼॻ͖ʹ࢖༻ͯ͠΋Α͍．

12ɹ໰୊ࢠ࡭は࣋ͪؼΔ͜ͱ．

数çֶçՊɿ数ֶ 2ʙ11ϖʔジɹղ౴༻ࢴ 6ຕ
෺ཧֶՊɿ数ֶ 2ϖʔジɾ෺ཧ12ʙ23ϖʔジɹղ౴༻ࢴ�数ֶ 1ຕɾ෺ཧ 5ຕ
ԽçֶçՊɿӳ24ޠʙ33ϖʔジɹղ౴༻ࢴ 3ຕ
ੜ෺ֶՊɿੜ෺34ʙ44ϖʔジɹղ౴༻ࢴ 5ຕ

2 0 2 6 年౓

ʢ数ֶɾ෺ཧɾӳޠɾੜ෺ʣ
ཧ ֶ ෦ ໰ ୊

ޙ ظ ೔ ఔ

ຊݧࢼ໰୊ͷҰ෦͋Δ͍はશ෦ʹ͍ͭͯɼ͍͔ͳΔํ๏ʹ͓͍ͯ΋ෳࣸɾෳ੡ͳͲɼ

ஶݖ࡞๏্Ͱنఆ͞ΕたݖརΛ৵͢֐ΔߦҝΛ͜͏ߦͱは͡ېΒΕ͍ͯ·͢．
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ʢ༨ɹɹനʣ
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数ɹɹɹɹɹֶ
第　 1　問　ʢ100఺ʣ

ʢ数ֶՊɾ෺ཧֶՊʣ
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ʢ༨ɹɹനʣ
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数ɹɹɹɹɹֶ
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ʢ数ֶՊʣ
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ʢ༨ɹɹനʣ
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ʢ数ֶՊʣ
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ʢ数ֶՊʣ
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ʢ༨ɹɹനʣ
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数ɹɹɹɹɹֶ
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ʢ数ֶՊʣ
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ʢ༨ɹɹനʣ
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ʢ数ֶՊɾ෺ཧֶՊʣ෺ɹɹɹɹɹཧ
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ʢ෺ཧֶՊʣ
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ʢ༨ɹɹനʣ
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෺ɹɹɹɹɹཧ
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ʢ෺ཧֶՊʣ
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෺ɹɹɹɹɹཧ
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ʢ෺ཧֶՊʣ
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ɹ࣍ͷӳจΛಡΜͰɼ໰ 1ʙ໰ 7ʹ౴͑Αɻͳ͓ɼจதͷઐ໳༻ޠ΍೉͍͠ޠʢ۟ʣͷର༁Λ

ӳจޙͷʢ஫ʣʹ͍ࣔͯ͠ΔͷͰదٓࢀর͢Δ͜ͱɻ

ӳ ޠ
第　 1　問　ʢ100఺ʣ

ʢԽֶՊʣ

著作権の都合により、公開しません。
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the
of

ʲग़యɿT. L. Brown, H. E. LeMay, Jr., B. E. Bursten, C. J. Murphy, P. M. Woodward, M. W.
Stoltzfus. Chemistry:  The Central Science, 13th Edition, Pearson Education, Inc. 2015. ฒͼ
ʹD. W. Ball. Physical Chemistry, 2nd Edition, Cengage Learning. 2015. ฒͼʹB. Wilk, R.
Pelka, W. Arabczyk. J. Phys. Chem. C 2017, 121, 8548. ฒͼʹM. Kitano, et al., Angew. 
Chem. Int. Ed. 2018, 57, 2648. Ұ෦վมʳ

ʢ஫ʣ biosphere: ੜ෺ݍɼthermodynamic: ೤ྗֶతͳɼcrystallite: ඍ݁থɼ݁থࢠɼ
stoichiometry: Խֶྔ࿦ɼcatalysis: ৮ഔ࡞༻ɼdecomposition: ෼ղɼpollutant: Ԛછ
෺࣭ɼmanipulate:औりѻ͏ɼcollision:িಥ

著作権の都合により、公開しません。

幸子 川口
長方形

幸子 川口
長方形

幸子 川口
長方形
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໰ 1ɹ஠ૉ෼ࢠɼΞンϞχΞ෼ࢠͷిࣜࢠΛྫʹͳΒͬͯͤهɻ·たɼ෼ࢠͷܗͱͯ͠ద੾ͳ

΋ͷΛɼ࣍ͷબ୒ࢶͷத͔ΒͦΕͧΕબͼɼه߸Λͤهɻ

ʻྫʼਫ෼ࢠɹ

ʻબ୒ࢶʼ

ᾰ ંΕઢܗ ᾱ ௚ઢܗ ᾲ ਖ਼࢛面体ܗ ᾳɹ֯ࡾਲ਼ܗ ᾴ ਖ਼ീ面体ܗ

໰ 2ɹԼઢ෦ᶃʹ͍ͭͯɼ A ʹೖΔద੾ͳԽֶ൓ԠࣜΛͤهɻ

໰ 3ɹԼઢ෦ᶄʹ͍ͭͯɼҎԼͷ໰͍⛶⛷ʹ౴͑Αɻ

⛶ɹiron-based catalysts ͷओ੒෼Ͱ͋ΔԽ߹෺ͷ૊੒ࣜΛͤهɻ

⛷ɹAl2O3 ͱ CaOɼ͓Αͼ K2O ͷ໾ׂʹ͍ͭͯͦΕͧΕ40ࣈҎ಺ͷ೔ຊޠͰ؆ܿʹઆ໌ͤ

Αɻ

໰ 4ɹN2ɼH2ɼNH3 ͷ֤෼ѹΛ PN2ɼPH2ɼPNH3 ͱ͢Δɻࣜʦ 1ʧͷ൓Ԡʹ͓͚Δѹฏߧఆ

数Λ PN2ɼPH2ɼPNH3 Λ༻͍ͯࣔͤɻ·たɼԼઢ෦ᶅͷཧ༝Λѹฏߧͷ؍఺͔Βઆ໌ͤ

Αɻたͩ͠ɼ൓ԠதʹԹ౓はมԽ͠ͳ͍΋ͷͱ͢Δɻ

໰ 5ɹԼઢ෦ᶆΛ೔ຊޠʹ༁ͤɻ

໰ 6ɹԼઢ෦ᶇʹ͍ͭͯɼhomogeneous catalysis ͱ heterogeneous catalysis ͱはͲͷΑ͏

ͳ΋ͷ͔ɼຊจͷ಺༰ʹԊͬͯͦΕͧΕ20ࣈҎ಺ͷ೔ຊޠͰ؆ܿʹઆ໌ͤΑɻ
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໰ 7ɹࣜʦ 2ʧʹؔ͢ΔҎԼͷ໰͍ʹ౴͑Αɻ

ɹɹConsider a series of reactionsʢΞɼイɼウʣhaving the following energy profiles. 

Rank the reaction rates from slowest to fastest assuming that they have nearly the 

same value for the frequency factor A.
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ʲग़యɿWilson’s chemistry. https://issr.edu.kh/science/Webpage/Lab_Techniques/
Edexcel%20Practical%20Chemistry%20-%20Halesowen/Edexcel2009/buffer_solutions.
htm, ฒͼʹK. Watanabe, M. Miyamoto, Y. Imai. Jpn. J. Physiol . 2001, 51, 671. Ұ෦վมʳ

ʢ஫ʣ acetic acid:ਣࢎɼequilibrium:ฏߧɼtissue:૊৫ɼadequately:ద੾ʹ

ӳ ޠ
第　 2　問　ʢ100఺ʣ

ɹ࣍ͷӳจΛಡΜͰɼ໰ 1ʙ໰ 5ʹ౴͑Αɻͳ͓ɼจதͷઐ໳༻ޠ΍೉͍͠ޠʢ۟ʣͷର༁Λ

ӳจޙͷʢ஫ʣʹ͍ࣔͯ͠ΔͷͰదٓࢀর͢Δ͜ͱɻ

ʢԽֶՊʣ

著作権の都合により、公開しません。
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໰ 1ɹۭཝᾰʹ͋ͯは·Δద੾ͳ๏ଇɾݪཧΛҎԼͷ❞ʙ❣ͷத͔ΒҰͭબͼɼه߸Ͱ౴͑

Αɻ

❞ɹRaoult’s law ❟ɹvan’t Hoff ’s law ❠ɹLe Chatelier’s principle

❡ɹHenry’s law ❢ɹGay-Lussac’s law ❣ɹAvogadro’s law

໰ 2ɹԼઢ෦ᶃɼᶄΛද͢イオン൓ԠࣜΛͤهɻ

໰ 3ɹԼઢ෦ᶅɼᶆΛද͢イオン൓ԠࣜΛͤهɻ

໰ 4ɹԼઢ෦ᶇΛ೔ຊޠʹ༁ͤɻ

໰ 5ɹԼઢ෦ᶈͰड़΂ΒΕ͍ͯΔ؇ি࡞༻Λイオン൓ԠࣜΛ༻͍ͯ೔ຊޠͰઆ໌ͤΑɻ
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ɹ࣍ͷӳจΛಡΜͰɼ໰ 1ʙ໰ 7ʹ౴͑Αɻͳ͓ɼจதͷઐ໳༻ޠ΍೉͍͠ޠʢ۟ʣͷର༁Λ
ӳจޙͷʢ஫ʣʹ͍ࣔͯ͠ΔͷͰదٓࢀর͢Δ͜ͱɻ

ᶃ
Cumeneʢisopropylbenzeneʣis the precursor of 

ᶄ
phenol and acetone. It results 

from the acid-catalyzed alkylation of benzene with propyleneʢStep 1 in Scheme 1ʣ. Both 
liquid and gas phase alkylations are possible. Various acid catalysts can be used. The 
conventional process, gas phase alkylation, is still the most popular, with AlCl3 or H3PO4 

catalyst at 200–350 ˆ and 1–1.5×106 Pa. 
ᶅ

The molar ratio of benzene to propylene is 
10:1. Selectivity to cumene is 92–94% based on propylene, and an excess of benzene is used 
to depress the formation of di- and tri-isopropylbenzenes.

Solid acid catalysts, such as 
ᶆ

zeolite catalysts, were introduced in the early 1990s and 
their use has grown rapidly. They offer several advantages over AlCl3 or H3PO4. They are 
able to bring about the alkylation at lower temperatures and pressures, and reduce the 
formation of polyalkylbenzenes. In addition, the higher selectivity allows the ratio of benzene 
to propylene to be reduced from 10:1 to 5:1. This doubles the capacity of an existing cumene 
reactor with virtually no additional capital expenditure, although downstream separation 
capacity inevitably must be increased. In addition to the savings on operating and capital 
costs, zeolite catalysts can be regenerated by the burning off of deposits of high molecular 
weight hydrocarbons. This eliminates the disposal problems associated with AlCl3 and 
H3PO4. 

ᶇ
The cumene processes may also incorporate a transalkylation reactor to convert any 

di- and tri-isopropylbenzene to cumene by the reaction with benzene.
 Virtually all cumene is converted to phenol and acetone. This is the classic two-for-
one reaction in which two products are manufactured in one plant. Cumene reacts with 
oxygen from the air in the presence of aqueous alkali at 130 ˆ and a pH of 6–8 to give 
cumene hydroperoxide at about 25 mass percent concentrationʢStep 2 in Scheme 1ʣ. An 
emulsifying agent is often added to facilitate contact between the cumene and aqueous 
phases. Sodium carbonate is added to maintain the pH. 

ӳɹɹɹɹɹޠ
第　 3　問　ʢ100఺ʣ

ʢԽֶՊʣ
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 Surplus cumene is distilled off for recycle. The concentrated cumene hydroperoxide
ʢ75–85 mass percent concentrationʣis cleaved to phenol and acetone without further 
purification by treatment with 10% sulfuric acid at about 50 ˆ in the liquid phaseʢStep 3 
in Scheme 1ʣ.
 The cumene/phenol process is the major source of acetone. This two-for-one reaction 
suffers from the same problem as all such reactions in that it is seldom that the marketplace 
requires both products in the ratio in which they are produced. Historically, there has been 
a shortfall of acetone, and it would have been uneconomic to satisfy acetone demand by the  
accumulation of unsaleable phenol. Hence an alternative route to acetone was required.
 The alternative route already existed. Propylene was hydrated to isopropanol. This had 
a number of uses, primarily as a solvent, but some of it was dehydrogenated or air-oxidized 
to acetoneʢScheme 2ʣ.

During the 1980s, acetone from isopropanol accounted on average for about 8% of acetone 
production in the United States. By 1990 this had fallen to 4.5%. It disappeared completely 
in the late 1990s because more phenol was needed for bisphenol A and polycarbonate 
resins, and less acetone for solvent use. A Japanese chemical company has developed a 
process in which what is now a surplus 

ᶈ
acetone is hydrogenated to isopropanol. This in 

turn is dehydrated to propylene for recycle to the cumene alkylation unit. The company 
has the ability to turn this unit on or off depending on the market conditions for acetone.

ʲग़యɿH. A. Wittcoff, B. G. Reuben, J. S. Plotkin. Industrial Organic Chemicals , Third 
Edition. John Wiley & Sons Inc., 2012. Ұ෦վมʳ

ʢ஫ʣ precursor:લۦ体ɼmolar ratio:෺࣭ྔൺɼdepress:ऑΊΔɼzeolite:θオライτʢଟ޸
ੑͷ݁থੑΞϧϛϊέイࢎԘʣɼcapital expenditure:ઃඋ౤ࢿɼoperating and capital 
costs: ӡస͓Αͼࢿຊコετɼtransalkylation: τランεΞϧキϧԽʢΞϧキϧجҠ
ಈ൓Ԡʣɼdownstream separation capacity:ʢ੡଄޻ఔͷʣԼྲྀͰͷ෼཭ೳྗɼmass 
percent concentration: ࣭ྔύʔηンτೱ౓ɼemulsifying agent: ೕԽࡎɼsurplus: ༨
৒ͷɼbisphenol A:ϏεϑΣϊʔϧAʢFigure 1 ࢀরʣɼpolycarbonate resins:ϙリカʔ
ϘネʔτथࢷʢFigure 1 ࢀরʣ
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໰ 1ɹԼઢ෦ᶃʹ͍ͭͯɼΫϝンͷߏ଄ҟੑ体ͷ͏ͪɼϕンθン؀ΛҰؚͭΉ΋ͷͷߏ଄ࣜΛ

͢΂ͯͤهɻͳ͓ɼߏ଄ࣜはεキʔϜ 1Ͱࣔ͞Εた΋ͷʹͳΒͬͯ͜͢هͱɻ

໰ 2ɹԼઢ෦ᶄʹ͍ͭͯɼϑΣϊʔϧͷਫ༹ӷʹषૉਫΛे෼ʹՃ͑ΔͱɼԽ߹෺9ͷന৭௜

఼͕ੜ͡ΔɻԽ߹෺9ͷߏ଄ࣜΛͤهɻ

໰ 3ɹԼઢ෦ᶅʹ͓͍ͯɼϓϩϐϨンʹର͠ɼա৒ྔͷϕンθンΛ༻͍Δཧ༝Λ೔ຊޠͰ؆ܿ

ʹઆ໌ͤΑɻ

໰ 4ɹԼઢ෦ᶆʹؔͯ͠ɼθオライτͷΑ͏ͳݻ体ࢎ৮ഔΛ͜͏࢖ͱʹΑΔʢ 1ʣӡస͓Αͼ

ຊコετʹؔ͢Δར఺ɼͳΒͼʹʢࢿ 2ʣഇغ෺ॲ෼ʹؔ͢Δར఺Λ೔ຊޠͰड़΂Αɻ

໰ 5ɹԼઢ෦ᶇΛ೔ຊޠʹ༁ͤɻ

໰ 6ɹ1980年୅ͷΞϝリカͰはɼεキʔϜ 2ͷ൓ԠʹΑりΞητン͕੡଄͞Ε͍ͯたɻ͔͠͠

1990年୅ޙ൒ʹはɼ͜ͷํ๏は࢖ΘΕͳ͘ͳͬたɻͦͷཧ༝Λຊจͷ಺༰ʹԊͬͯ೔ຊޠ

Ͱ؆ܿʹड़΂Αɻ

໰ 7ɹԼઢ෦ᶈͷهड़ΛԽֶ൓ԠࣜͰදͤɻ
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ʢ༨ɹɹനʣ
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ɹࡉ๔ͱൃੜʹؔ͢Δ࣍ͷจষΛಡΈɼҎԼͷ໰͍ʹ౴͑Α．

ɹੜ෺はࡉ๔͔Βߏ੒͞Ε͍ͯΔ．1665 年ɼイギリεͷ෺ཧֶऀʢɹΞɹʣはݦඍڸԼ

ͰコϧΫͷஅยʹた͘͞Μͷখ෦԰͕ଘ͢ࡏΔ͜ͱʹ͖ͮؾɼͦͷখ෦԰Λࡉ๔ͱ໊ͮ

͚た．ͦͷޙɼ1838 年ʹυイπͷʢɹイɹʣ͕২෺ʹ͍ͭͯɼ1839 年ʹಉ͘͡υイπͷ

ʢɹウɹʣ͕ಈ෺ʹ͍ͭͯɼࡉ๔Λੜ෺ͷجຊ単位ͱ͢Δࡉ๔આΛএ͑た．

ɹࡉ๔は෼྾ʹΑͬͯ૿৩͢Δ．ࡉ๔෼྾ͷ͘り͔͑͠ʹ൐͏पظతͳաఔΛʢɹエɹʣ

ͱ͍͏．ʢɹエɹʣはɼ෼྾ظʢ.ظʣçͱؒظʹ෼͚ΒΕɼؒظは͞Βʹ(1 ɼظɼ4ظ

(2 ͷظ 3ͭͷ࣌ظʹ෼͚ΒΕΔ．

ɹ༗ੑੜ৩Λ͏ߦੜ෺はʢɹオɹʣͷܗ੒ͱͦͷ઀߹ʹΑͬͯ৽たͳࡉ๔Λͭ͘Δ．ಈ෺

ͰはɼେܕͰӡಈੑͷແ͍ʢɹオɹʣΛཛͱݺͿ．ཛͷେ͖͞はಈ෺ʹΑͬͯ͞·͟·

ͰɼώτͷཛͱイϞリͷཛͷ௚ܘΛൺ΂Δͱ͓Αͦ 20 ഒ΋ͷҧ͍͕͋りɼイϞリͷཛͱ

χϫτリͷཛͷ௚ܘは͞Βʹ 10 ഒҎ্ͷҧ͍͕͋Δ．ൃੜॳظͷࡉ๔෼྾はʢɹカɹʣ

ͱݺ͹ΕΔ．डਫ਼ཛはɼडਫ਼ޙ 1ճ໨ͷࡉ๔෼྾Ͱ ͷᡢظ๔ࡉ2
ㆯㆂ

ʹɼ2ճ໨ͷࡉ๔෼྾Ͱ

．଎ʹ૿΍͍ͯ͘͠ٸ๔ͷ数Λࡉͷᡢʹͳりɼ෼྾Λ͘り͔͑͢͜ͱʹΑͬͯظ๔ࡉ4

໰ 1ɹจষதͷۭཝʢɹΞɹʣʙʢɹウɹʣʹೖΔ࠷΋ద੾ͳਓ໊ΛҎԼ͔Βબ΂．

γϡϫンɹɹɹγϡϖʔマンɹɹɹγϡライσンɹɹɹɹɹランτγϡλイφʔ

ϑοΫɹɹɹɹΫリοΫɹɹɹɹɹϨʔウΣンϑοΫɹɹɹマΫリンτοΫ

໰ 2ɹจষதͷۭཝʢɹエɹʣʙʢɹカɹʣʹೖΔ࠷΋ద੾ͳޠΛ౴͑Α．

໰ 3ɹԼઢ෦ᶃʹؔͯ͠ɼ෼྾ظʢ.ظʣʹ͜ىΔ֩ͷมԽΛɼલظɼதظɼظޙɼऴ

ͷظ 4ͭͷ࣌ظʹ෼͚ͯड़΂Α．

໰ 4ɹԼઢ෦ᶄʹؔͯ͠ɼ(1 ɼ(2ظɼ4ظ Δ֩ͷ%/"ྔͷ૬ରతͳม͜ى͚͔ͯʹظ

ԽΛղ౴༻ࢴʹંΕઢάラϑͰඳ͚．

ᶃ ᶄ

ᶅ ᶆ

ᶇ

ੜɹɹɹɹɹ෺
第　�1�　問　ʢ170఺ʣ

ʢੜ෺ֶՊʣ
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໰ 5ɹԼઢ෦ᶅʹؔͯ͠ɼᾇʙᾊʹ౴͑Α．

ᾇɹ体ॏ 70�LH ͷώτͷ੒体Λߏ੒͢Δࡉ๔ͷ数は໿ 37 ஹ個ͱ͞Ε͍ͯΔ．Ծʹώ

τͷ੒体ͷࡉ๔Λ͢΂ͯಉ͡େ͖͞ͷܗٿͱ͠たͱ͖ʹɼࡉ๔ͷ௚ܘͱͯ͠࠷΋ۙ

͍஋ΛҎԼ͔Βબ΂．

1.5��Nɹɹɹ15��Nɹɹɹ150��Nɹɹɹ1.5�NN

ᾈɹώτͷཛͷ௚ܘはᾇͰٻΊた஋ͷԿഒʹ͋たΔ͔ɼ࠷΋͍ۙ΋ͷΛҎԼ͔Βબ

΂．

2ഒɹɹɹ10 ഒɹɹɹ50 ഒɹɹɹ100 ഒ

ᾉɹԾʹώτͷ੒体ͷ͢΂ͯͷࡉ๔͕डਫ਼ཛ͔Βಉ͡ճ数ͷࡉ๔෼྾Λ͍ͯܦΔͱ͢

Ε͹ɼ37 ஹ個ͷࡉ๔͕ੜΈग़͞ΕΔͷʹԿճͷ෼྾ΛܦΔඞཁ͕͋Δ͔ɼ࠷΋ۙ

͍ճ数ΛҎԼ͔Βબ΂．

30 ճɹɹɹ45 ճɹɹɹ60 ճɹɹɹ90 ճ

ᾊɹ1672 年ɼオランμͷάラʔϑʹΑͬͯウサギͷཛ૥͔Βʮཛʯ͕ൃ͞ݟΕた．

ͦͷେ͖͞はイϞリͷཛͱಉ౳Ͱ͋ͬた͕ɼࡏݱͰはɼウサギͷཛͷେ͖͞はώτ

ͷཛͱಉ౳Ͱ͋Δ͜ͱ͕෼͔͍ͬͯΔ．άラʔϑ͕ʮཛʯͱ͑ߟた΋ͷはཛͦͷ΋

ͷͰはͳ͘ɼཛͷܗ੒ʹؔ࿈͠たߏ଄෺Ͱ͋ͬた．ͲͷΑ͏ͳߏ଄෺͔આ໌ͤΑ．

໰ 6ɹԼઢ෦ᶆʹؔͯ͠ɼχϫτリͷཛはイϞリͷཛΑり΋はΔ͔ʹେ͖͍ͷʹɼॳظͷ

はイϞリʹൺ΂Δͱ༰қͰはͳ͍．༰қͰはͳ͍ཧ༝Λ࡯؍๔෼྾ͷࡉ 3ͭड़΂Α．
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໰ 7ɹԼઢ෦ᶇʹؔͯ͠ɼイϞリͷᡢΛ༻͍ͯͬߦたҎԼͷ࣮ݧ 1͓Αͼ࣮ݧ 2ͷઆ໌Λ
ಡΈɼᾇʙᾋʹ౴͑Α．

ݧ࣮ 1
ൃੜͷ։࢝࣌ࠁΛͦΖ͑
たᡢΛଟ数༻ҙ͠ɼద当
ͳ࣌ؒʹᡢΛ 3ͭબͼɼ
͹Β͹Βʹ΄͙ͯ͠ࡉ๔
ͷ数Λௐ΂た．݁ՌΛ図
1ʹࣔ͢．άラϑͷԣ࣠
は Βͷ࣌ؒɼ͔ظ๔ࡉ2
ॎ࣠はࡉ๔ͷ数ɼ1ͭͷ
఺は 1ͭͷᡢͷ͔࡯؍Β
ಘΒΕた஋Ͱ͋Δ．

ݧ࣮ 2
ᡢʹ͓͚Δࡉ๔ͷ෼྾Λ
๔͕डࡉଓ͚ɼ֤͠࡯؍
ਫ਼ޙͷ͋Δճ͔Β࣍ͷճ
ͷ෼྾·Ͱ͢͝͠た࣌ؒ
Λܭଌ͠ɼ࣌ؒͷ௕͞ͱͦͷ͹Β͖ͭͷఔ౓Λ
ௐ΂た．ҎԼɼडਫ਼ཛΛୈ 1ੈ୅ͷࡉ๔ɼO�1
ճ໨͔Β Oճ໨ͷࡉ๔෼྾·Ͱͷࡉ๔Λୈ O
ੈ୅ͷࡉ๔ͱݺͿ͜ͱʹ͢Δ．ྫͱͯ͠ɼୈ 4
ੈ୅ͷࡉ๔は 1ͭͷᡢͰ 8個࡯؍Ͱ͖ɼୈ 4ੈ
୅Λ͢͝͠た࣌ؒは͢΂ͯͷࡉ๔Ͱ 90 ʙ 100
෼Ͱɼ͹Β͖ͭは΄ͱΜͲແ͔ͬた．ୈ 4ੈ୅
ͷࡉ๔ͷ݁ՌΛ図 2ʹࣔ͢．άラϑͷԣ࣠はࡉ
๔͕͢͝͠た࣌ؒΛ 10 ෼ࠁΈͰද͠た΋ͷɼ
ॎ࣠は֤࣌ؒʹରԠ͢Δࡉ๔͕ͲΕ͚ͩݟΒΕ
た͔Λඦ෼཰Ͱࣔ͠た΋ͷͰ͋Δ．

ᾇɹ࣮ݧ 1ʹ͍ͭͯɼ2ࡉ๔͔ظΒ 10 ࣌ؒたͬたイϞリͷᡢはԿ個ͷࡉ๔͔Βߏ੒
͞ΕΔ͔ɼ࠷΋͍ۙ個数ΛҎԼ͔Βબ΂．

100 個ɹɹɹ500 個ɹɹɹ1000 個ɹɹɹ1500 個

図 1
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ᾈɹ2ࡉ๔͔ظΒ 10 ࣌ؒたͬたイϞリͷᡢはओʹୈԿੈ୅ͷࡉ๔͔Βߏ੒͞ΕΔ͔ɼ

౴͑Α．

ᾉɹ図 3ͷ"ʙ 'は͍ͣΕ΋図 2ͱಉ༷ʹɼԣ࣠ʹࡉ๔͕͢͝͠た࣌ؒΛɼॎ࣠ʹ

֤࣌ؒʹରԠ͢Δࡉ๔数ͷׂ߹Λࣔ͠たάラϑͰ͋Δ．࣮ݧ 2ʹ͍ͭͯɼୈ 10 ੈ

୅ͱୈ 13 ੈ୅ͷࡉ๔ͷ݁Ռͱͯ͠࠷΋ద当ͳ΋ͷΛɼ図 3ͷ"ʙ '͔ΒͦΕͧΕ

1ͭબͼɼه߸Ͱ౴͑Α．

ᾊɹ࣮ݧ 2ʹ͍ͭͯɼୈ 10 ੈ୅ͷࡉ๔ͱୈ 13 ੈ୅ͷࡉ๔ͱͷؒͰɼͲͷΑ͏ͳมԽ

．Λ͢΂ͯ༻͍ͯઆ໌ͤΑޠΒΕΔ͔ɼҎԼͷ͑ߟΔͱ͍͖ͯى͕

(1 ɹɹɹ(2ظɹɹɹ4ظ ظ.ɹɹɹظ

ᾋɹイϞリͷᡢはෆಁ໌ͳͷͰɼᡢͷද面͔Β͑ݟͳ͍಺෦ʹଘ͢ࡏΔࡉ๔͕ൃੜͷ

ਐߦͱͱ΋ʹ૿͑Δ．ࡉ๔数͕໿ 1ສ個ͷ࣌ظͱɼ໿ 5ສ個ͷ࣌ظͱʹ෼͚ͯɼᡢ

ͷ಺෦ͷߏ଄Λઆ໌ͤΑ．
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ɹੜ෺ू܈ʹؔ͢Δ࣍ͷจষΛಡΈɼҎԼͷ໰͍ʹ౴͑Α．

ɹ͋Δ஍Ҭʹੜଉ͢Δಉछͷ個体ͷ·ͱ·りΛ個体܈ͱ͍͍ɼ͞Βʹ૬ޓʹ͔͔Θり߹͍

ͳ͕Βੜଉ͢ΔҟͳΔछͷ個体܈ͷू·りΛੜ෺ू܈ͱ͍͏．

ɹ1ͭͷੜ෺ू܈಺ͷछؒʹはඃ৯ʕั৯ͱ͍͏ؔݟ͕܎ΒΕɼ͜͏͠た͕ؔͭ܎ͳ

͕͍ͬͯΔ͜ͱΛ৯෺࿈࠯ͱ͍͏．৯෺࿈࠯Ͱはɼޫ߹੒ʹΑͬͯ༗ػ෺Λ࡞Δ২෺

ΛʢɹΞɹʣɼʢɹΞɹʣΛ৯΂Δ૲৯ಈ෺ΛʢɹイɹʣɼʢɹイɹʣΛ৯΂Δ೑৯ಈ෺Λ

ʢɹウɹʣͱ͍͏．৯෺࿈࠯ͷ͏ͪɼੜ͖͍ͯΔ২෺͔Β࢝·Δ৯෺࿈࠯Λʢɹエɹʣ࿈

．ͱ͍͏࠯Λʢɹオɹʣ࿈࠯΍ಈ෺ͷҨ͔֚Β࢝·Δ৯෺࿈ࢬɼ২෺ͷམ༿ɾམ࠯

ɹ࣮ࡍͷੜଶܥʹ͓͍ͯはɼඃ৯ʕั৯͕ؔ܎ 1ର 1Ͱ͋Δ͜ͱはগͳ͘ɼ৯෺࿈࠯はଟ

༷Ͱෳࡶͳߏ଄Λ͍ͯ͠Δ．ͦΕΒΛͻͱ·ͱΊʹ͠た΋ͷΛç৯෺໢ͱݺͿ．৯෺໢Λ

ͷ位ஔʹΑ͍͔ͬͯͭ͘ͷӫཆஈ֊ʹ·ͱΊΒΕΔ．ӫཆ্࠯੒͢Δੜ෺はͦͷ৯෺࿈ߏ

ஈ֊ͷ࠷Լ位Ͱ͋ΔʢɹΞɹʣ͔Βॱʹɼ個体数΍ੜ෺ྔɼエネϧギʔྔͳͲͷࢦඪΛ

積Έ্͛ͯࣔ͠た図Λçੜଶϐラϛουͱ͍͏．ϐラϛουͷܗはɼࢦඪ͓Αͼੜଶܥʹ

Α্ͬͯԼ͕ٯస͢Δ͜ͱ΋͋Δ．

ɹ࣌ؒʹର͢Δ個体܈ͷ個体数ͷมԽʹ͍ͭͯɼݯࢿͷ੍໿͕͋Δڥ؀Ͱɼੜ෺छ 1छ

Λࣂҭ͠た৔߹ͷ個体数ͷมԽΛάラϑʹද͢ͱɼʢɹカɹʣࣈঢ়ͷۂઢͱͳりɼ࠷ऴ

తʹはҰఆͷ個体数ͱͳΔ．͜ͷΑ͏ʹɼ͋Δڥ؀৚݅Ͱҡ࣋Ͱ͖Δ্ݶͷ個体数Λ

ʢɹキɹʣͱ͍͏．ඃ৯ʕั৯ؔ܎ʹ͋Δੜ෺͕ಉ࣌ʹଘ͢ࡏΔڥ؀ͰはɼͦΕͧΕͷ個

体܈ͷ個体数͕͍ޓʹपظతͳ૿ݮΛ܁りฦ͢ྫ͕͋Δ．

໰ 1ɹจষதͷۭཝʢɹΞɹʣʙʢɹキɹʣʹೖΔ࠷΋ద੾ͳޠΛ౴͑Α．

໰ 2ɹԼઢ෦ᶃʹؔͯ͠ɼ͋Δੜ෺ू܈ʹ͓͚Δ৯෺໢ͷߏ଄΍ෳੑࡶはɼͦͷੜ෺ू܈

ͷ҆ఆੑΛܾΊΔཁҼͰ͋Δ．৯෺࿈࠯ͷߏ੒छͷछ数͕গͳ͘単७ͳ৯෺໢Λ΋ͭ

ੜ෺ू܈Αりɼߏ੒छͷछ数͕Αりଟ͘ෳࡶͳ৯෺໢Λ΋ͭੜ෺ू܈ͷํ͕ɼू܈શ

体ͷ個体数はҰఆਫ४ͰਪҠܹ͠ٸͳ૿͕ݮͳ͍ͱ͞ΕΔ．ͦͷཧ༝Λ 1ͭड़΂Α．

ᶃ

ᶄ

ᶅ

ੜɹɹɹɹɹ෺
第　�2�　問　ʢ170఺ʣ

ʢੜ෺ֶՊʣ
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໰ 3ɹԼઢ෦ᶄʹؔͯ͠ɼҎԼͷᾇͱᾈʹ౴͑Α．

ᾇɹҎԼͷʢΞʣͱʢイʣͷهड़͔Β͑ߟΒΕΔయܕతͳੜଶϐラϛουͷܗΛ図 1

⛶ʙ⛹ͷத͔ΒͦΕͧΕ 1ͭબ୒ͤΑ．

ʢΞʣɹϒφݪੜྛʹੜଉ͢Δੜ෺ू܈ʹ͍ͭͯɼ֤ӫཆஈ֊ͷੜ෺ͷ個体ີ౓ʹج

ͮ͘ϐラϛουͷܗ

ʢイʣɹεεキ૲ݪʹੜଉ͢Δੜ෺ू܈ʹ͍ͭͯɼ֤ӫཆஈ֊ͷੜ෺ྔʹͮ͘جϐラ

ϛουͷܗ

ᾈɹੜ෺ू܈಺ͷ֤ӫཆஈ֊ͷエネϧギʔྔͷ͏ͪɼ࣍ͷஈ֊Ͱར༻͞ΕΔྔͷׂ߹

Λエネϧギʔޮ཰ͱݺͿ．エネϧギʔޮ཰͕͢΂ͯͷஈ֊Ͱ 10 ˋͰ͋ΔͱԾఆ͠ɼ

࣍ͷ໰͍ʹ౴͑Α．

ʢΞʣɹ͋Δੜ෺ू܈Ͱ࠷Լ位ͷӫཆஈ֊ʹऔりࠐ·ΕΔ 1೔当たりͷエネϧギʔྔ

͕ 10
000 +�N2 Ͱ͋Δͱ͢Δ．ӫཆஈ֊͕࠷Լ位͔Β 3ஈ֊ਐΜͩͱ͖ɼऔり

ΕΔエネϧギʔは·ࠐ 1೔当たりԿ +�N2 ͔．

ʢイʣɹ৯෺࿈࠯ͷӫཆஈ֊は 3ʙ 4ஈ֊Ͱ͋Δ͜ͱ͕ଟ͍．エネϧギʔޮ཰ͷ؍఺

͔Βͦͷཧ༝Λઆ໌ͤΑ．

ӫ
ཆ
ஈ
֊

্位

Լ位

⛶ ⛷ ⛸ ⛹

図 1
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໰ 4ɹԼઢ෦ᶅʹؔͯ͠ɼ࣍ͷจষΛಡΈɼҎԼͷᾇʙᾋʹ౴͑Α．

ɹカφμͷ৿ྛʹੜଉ͢Δカンジキウサギͱオオヤマネコͷ個体数はɼ図 2Ͱࣔ͞Ε

͍ͯΔΑ͏ʹ໿ 10 年पظͰมಈ͢Δ͜ͱ͕஌ΒΕ͍ͯΔ．カンジキウサギはɼヤφ

ギଐͳͲͷ২෺ͷখࢬΛ৯΂Δ．オオヤマネコはカンジキウサギΛओͳӤͱ͢Δた

Ίɼカンジキウサギͱಉ͡पظͰ個体数͕มಈ͢Δ．�

ᾇɹ೔ຊͷࡏདྷੜ෺Ͱɼオオヤマネコͱ෼ྨ্ֶಉ͡໨ʹؚ·ΕΔੜ෺छΛҎԼ͔Β

4ͭબ୒ͤΑ．

ΞカギπネɹɹɹɹɹΞマϛϊΫϩウサギɹɹɹΞライάマɹɹɹɹɹエκリε

πγマヤマネコɹɹɹχϗンイλチɹɹɹɹɹɹχϗンカϞγカɹɹɹχϗンβϧ

πキϊϫάマɹɹɹɹτΨリネζϛɹɹɹɹɹɹϋΫϏγン

ᾈɹカンジキウサギͷ個体数͕૿Ճ͢ΔʹͭΕͯɼӤͱͳΔ২෺ͷੜ෺ྔはݮগͯ͠

͍͕͘ɼカンジキウサギͷ個体数͕ܹ͠ݮた年ͷཌ年͔ΒɼӤ২෺ͷੜ෺ྔは؇΍

͔ʹճ෮͢Δ．͜ͷͱ͖ɼオオヤマネコ͕Ӥ২෺ʹ༩͑ΔӨڹΛද͢࠷΋ద੾ͳޠ

Λ౴͑Α．
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ᾉɹ͜ͷ஍Ҭͷカンジキウサギͷ個体数͕पظతʹมಈ͢ΔཁҼͱͯ͠ɼऀڀݚはҎ

Լͷ 4ͭͷԾઆΛ͑ߟた．͜ΕΒͷԾઆΛ͢ূݕΔたΊɼද ɾ෼ੳΛݧ࣮ࣔ͢ʹ1

．ɼͦΕͧΕ݁ՌΛಘた．ଓ͘ʢΞʣʙʢウʣͷ໰͍ʹ౴͑Α͍ߦ

Ծઆ 1．ӤͱͳΔ২෺͕पظతʹෆ଍͢ΔたΊɼ個体数͕पظతʹมಈ͢Δ．

Ծઆ 2．Ӥ২෺ͷಟੑ੒෼͕पظతʹมಈ͢ΔたΊɼ個体数͕पظతʹมಈ͢Δ．

Ծઆ 3．ั৯ऀͷ個体数͕पظతʹมಈ͢ΔたΊɼ個体数͕पظతʹมಈ͢Δ．

Ծઆ 4．Ӥͱั৯ऀͷෳ߹ཁҼͷ݁ՌͰ͋Δ．ͭ·りɼԾઆ ͼٴ1 3ͷ྆ํ͕ಉ࣌

ʹؔ༩͍ͯ͠Δ．

ʢΞʣɹ࣮ݧ"ɼ#ɼ%Ͱ༻͍ΒΕたରর۠ͱはରর࣮ݧͰ༻͍Δ۠ըͷ͜ͱͰ͋

Δ．Ұൠʹରর࣮ݧはͲͷΑ͏ͳҙ͕ٛ͋Δ͔ɼ؆ܿʹड़΂Α．

ʢイʣɹԾઆ 1ʙ 4ͷূݕʹରԠ͢Δ࣮ݧΛɼ্هͷ࣮ݧ"ʙ%ͷத͔Βબͼɼه

߸Λ౴͑Α．

ʢウʣɹ͜ΕΒͷ݁ՌΛ૯߹తʹ͑ߟたͱ͖ɼ࠷΋࣋͞ࢧΕΔԾઆはͲΕ͔ɼ্هͷ

Ծઆ 1ʙ 4ͷத͔Βબͼɼ൪߸Λ౴͑Α．

ද 1

߸ه ɾ෼ੳ಺༰ݧ࣮ ݁Ռ

" カンジキウサギ͕ੜଉ͢Δ৔ॴ

ͷҰ֯ʢ100�IBʣʹั৯ऀΛআ

Λઃ͚ͯɼࡤؾΔたΊͷి͢ڈ

ରর۠ͱൺֱ͠た．

಺ͷカンジキウサギͷ個体数はɼରরࡤؾి

۠ͷ 2ഒʹ૿Ճ͠た．個体数͕ϐʔΫʹୡ͠

たޙɼ個体数ͷݮগ଎౓は؇΍͔ʹͳͬた．

पͦੑظͷ΋ͷはফ͑ͳ͔ͬた．

# カンジキウサギʹਓ޻తʹৗ࣌

ӤΛ༩͑ɼରর۠ͱൺֱ͠た．

カンジキウサギͷ個体数はɼରর۠ͷ 3ഒʹ

૿Ճ͠た͕ɼͦͷݮޙগ͠ɼपظతͳ個体数

ͷมಈ͕ଓ͍た．

$ ӤͱͳΔ২෺தͷಟੑ੒෼

ʢϑΣϊʔϧ΍ϨジンͳͲʣΛ

ຖ年ଌఆ͠た．

カンジキウサギͷ個体数͕ɼ૿ՃɼϐʔΫɼ

গͷサイΫϧΛたͲΔؒɼӤͱͳΔ২෺ͷݮ

ಟੑ੒෼はৗʹݮগ͠た．

% ั৯ऀΛআ͢ڈΔたΊͷిࡤؾ

ͱਓ޻తʹӤΛ༩͑Δ͜ͱΛಉ

．ɼରর۠ͱൺֱ͠た͍ߦʹ࣌

カンジキウサギͷ個体数はɼରর۠ͷ࠷େ 11

ഒʹ૿Ճ͠ɼͦͷޙ௕ؒظʹΘたͬͯͦͷ個

体数Λҡ࣋͠た．
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ᾊɹカンジキウサギͱオオヤマネコ͕ੜଉ͢Δ஍Ҭͷ͏ͪɼエリマキライチョウ΋ಉ

ॴతʹੜଉ͢Δ஍Ҭ͕͋Δ．エリマキライチョウͷ単位面積当たりͷ個体数はɼカ

ンジキウサギͱൺֱͯ͠গͳ͍．オオヤマネコはɼエリマキライチョウΛカンジキ

ウサギͷ୅ସͷӤͱ͍ͯ͠Δ．図 3はɼ͜ΕΒ 3छ͕ಉॴతʹੜଉ͢Δ৔ॴʹ͓͚

Δカンジキウサギɼオオヤマネコɼエリマキライチョウͷ個体数ͷ 12 年ؒͷมԽ

Λ͍ࣔͯ͠Δ．エリマキライチョウͷ個体数はカンジキウサギͱ΄΅ಉௐ͢Δ͕ɼ

ͦͷཧ༝Λड़΂Α．

ᾋɹカφμͷ৿ྛはɼީؾมಈͷӨڹʹΑり 1990 年୅͔ࠒΒ⛶積ઇͷݮগɼ⛷ࢁՐ

Εͯ͞ࠂͳมԽ͕ੜ͍ͯ͡Δ͜ͱ͕ใࠁਂʹܥஶͱͳりɼ৿ྛੜଶݦͷ૿Ճɼ͕ࣄ

͍Δ．⛶ɼ⛷ʹΑΔ৿ྛੜଶܥͷมԽ͕カンジキウサギͷ個体数ʹͲͷΑ͏ͳӨڹ

Λ༩͑Δ͔ɼͦΕͧΕҼՌؔ܎΋ؚΊͯͤ࡯ߟΑ．
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個体数は単位面積当たり．
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ʢ༨ɹɹനʣ
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໰ 1ɹλンύΫ࣭はҟͳͬたଆ࠯Λ࣋ͭ 20 छྨͷΞϛϊ͔ࢎΒߏ੒͞ΕΔ．Ξϛϊࢎは

ͦͷଆ࠯ͷੑ࣭͔ΒੑࢎɼԘੑجɼ਌ਫੑɼૄਫੑɼͳͲʹಛ௃͚ͮΒΕΔ．ͦΕͧ

Εͷಛ௃Λ࣋ͭΞϛϊࢎͷ໊শΛ 2ͭͣͭ౴͑Α．

໰ 2ɹᾇ߬ૉͷ࣭جಛҟੑɼᾈ߬ૉͷڝ૪త્֐ɼᾉ߬ૉͷඇڝ૪త્֐ɼᾊλンύΫ࣭

ͷΞϩεςリοΫޮՌɼʹ͍ͭͯ߬ૉ΍࣭جͳͲΛࣔ͢໛ࣜ図Λඳ͍ͯͦΕͧΕઆ໌

ͤΑ．

ੜɹɹɹɹɹ෺
第　�3�　問　ʢ60఺ʣ

ʢੜ෺ֶՊʣ




