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ᐊᓪᓚᓯᒪᔪᖅ 1

ᐃᖃᓗᐃᑦ ᑐᖁᕋᑦᑐᕕᓂᐅᓚᐅᕐᑎᓗᒋᑦ, ᑲᖏᕐᓱᐊᓗᑦᔪᐊᒥᐅᑦ
ᓴᓗᒻᒪᓭᒋᐊᑲᐱᓐᓂᖁᑦ ᑕᓯᕐᒥᒃ, ᐱᓇᓱᖃᑎᖃᕐᓱᑎᒃ ᑰᑦᔪᐊᒥ ᓄᓇᕕᒻᒥ
ᖃᐅᔨᓴᕐᕕᒥ ᐱᓇᓱᑦᑎᖏᓐᓂᒃ. ᑭᓯᑦᓯᓂᕐᖁᑦ ᓱᕐᖄᑎᕆᑦᓱᑎᓗ ᑐᖁᖓᔪᓂᒃ
ᐃᖃᓗᓐᓂᒃ ᒥᑦᓴᐅᓵᕋᓱᑦᓱᑎᒃ ᑲᑎᑦᓱᑎᑦ ᖃᑦᓯᐅᓂᖏᓐᓂᒃ.

ᐱᑦᔪᑎᖓ ᑐᖁᔪᕕᓂᐅᓂᖏᓐᓂᒃ ᐊᒥᓱᒻᒪᕇᑦ ᖃᐅᔨᒪᓇᓪᓚᕆᕋᑕᖕᖏᑐᖅ,
ᓄᐃᑦᓱᒍᑎᐅᔪᖅ ᐱᒻᒪᕆᐅᓂᖓᓂᒃ ᓄᓇᓕᒻᒥᐅᑦ ᖃᐅᔨᒪᒍᓯᖏᑦ ᓱᑯᐃᔦᓂᕐᒥᓗ
ᖃᐅᔨᓴᕐᑎᖏᑦ ᐱᓇᓱᖃᑎᒌᓐᓂᒋᒋᐊᓕᖏᓐᓂᒃ ᑐᑭᓯᑦᓯᐊᓕᐅᒥᓗᑎᑦ
ᑲᒪᒋᐊᕐᓗᑎᓗ ᑌᒣᑦᑐᓂᒃ ᐊᑑᑎᔪᓂᒃ.

ᖃᓄᐃᓕᖓᓂᕕᓂᖓ ᑕᓯᑲᓪᓚᒥ ᖃᐅᔨᒪᓇᖕᖏᑐᖅ
«ᑕᓯᑲᓪᓚᒃ ᐃᖃᓗᑉᐱᓂᐊᕐᕕᓯᐊᖑᕗᖅ, ᐱᓗᐊᕐᑐᒥᒃ ᐅᐱᕐᖓᓴᐅᑎᓪᓗᒍ ᓯᑯᒥ ᐃᖃᓪᓕᐊᓱᑎᑦ. ᐅᑭᐊᒥ, ᐊᒥᓱᐃᑦ ᐃᖃᓗᑉᐲᑦ
ᑕᓯᕐᒧᑦ ᐅᑎᓲᖑᕗᑦᑦ ᓱᕓᔭᕆᐊᕐᑐᓱᑎᒃ ᐅᑭᐅᕐᓯᐅᒋᐊᕐᑐᓯᑦᓱᑎᓗ. ᐃᖃᓗᑉᐲᑦ ᐱᒻᒪᕆᐅᕗᑦ ᐃᓚᒋᖑᔪᒍᓐᓄᑦ, ᓂᕿᑦᓯᐊᖑᑦᓱᑎᑦ,

ᐊᑭᑭᑦᑑᓱᑎᑦ, ᐃᖃᓪᓕᐊᓂᕐᓗ ᓱᖃᑦᓯᒍᑎᑦᓯᐊᖑᑦᓱᓂ ᓄᓇᕐᖃᑎᕗᓐᓄᑦ ᑲᓲᒪᑎᑦᓯᒍᑎᐅᑦᓱᓂ.

ᐊᐅᓚᔨᕗᖓ ᐊᒥᓱᑲᓪᓓᑦ ᐃᖃᓗᐃᑦ ᑐᖁᕋᕐᑎᓗᒋᑦ ᔪᓓ 2002ᒥ, 3,000 ᐅᖓᑖᓂᑦᑐᐃᑦ ᐃᖃᓗᑉᐲᑦ ᐊᖏᔪᐃᑦ
ᑐᖁᕋᕐᑎᓗᒋᑦ. ᐃᓚᖏᑦ ᐃᓄᐃᑦ ᐃᑉᐱᒋᔭᖃᕐᓯᒪᕗᑦ ᑌᑦᓱᒪᓂ ᐃᖃᓗᐃᑦ ᓂᕆᑦᓱᒋᑦ ᐊᔪᒉᑦᑐᓯᒪᔪᑦ ᐅᕝᕙᓗᓐᓃᑦ

ᐊᕿᓐᓂᓴᐅᑦᓱᑎᒃ ᐊᒥᕋᖏᑦ. ᐃᓄᒻᒥᒃ ᐃᓱᕐᕆᖏᑦᑐᖃᓕᕐᓂᒥᔪᖅ ᓂᕆᓚᐅᕐᓱᓂ ᐃᖃᓗᒻᒥᒃ ᑖᕙᖕᖓᑦ ᑕᓯᕐᒥᒃ ᐱᓯᒪᔪᒥᒃ.
ᐃᒋᑦᓯᑐᐃᓐᓇᓲᖑᕗᒍᑦ ᑌᒣᑦᑐᓂᒃ, ᑎᒥᖃᓕ ᐊᒥᓱᓂᒃ ᐃᖃᓗᒐᑦᓴᖃᖏᓐᓇᑐᖅ. ᓄᓇᓕᕗᑦ ᐱᓇᓱᖃᑎᖃᕐᖁᑦ ᓱᑯᐃᔦᓂᕐᒥᒃ

ᐱᓇᓱᑦᑎᓂᒃ ᑐᑭᓯᒍᒪᑦᓱᑎᑦ ᑕᒪᑦᓱᒥᖓ ᖃᐅᔨᒪᓇᖕᖏᑐᒥᒃ ᓱᓇᒧᒻᒪᖔᑦ ᐊᑑᑎᔪᕕᓂᕐᒥᒃ, ᐊᒻᒪᓗ ᖃᐅᔨᒪᒍᓯᕗᑦ
ᑕᑯᓐᓇᖃᑦᑕᓯᒪᔭᕗᓪᓕ ᑭᐅᒍᓐᓇᓯᒍᑎᐅᓂᐊᕐᖁᑦ.»
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2002ᒥ, ᓱᑯᐃᔦᓂᓕᕆᔩᑦ ᕿᒥᕐᕈᒋᐊᕐᓂᖁᑦ ᓱᒃᑯᓇᕐᑐᑕᖃᕐᒪᖔᑦ
ᐋᓐᓂᐊᒍᑎᖃᕐᒪᖔᑕᓗᓐᓃᑦ, ᑕᑯᔭᐅᓯᒪᖕᖏᑐᐃᑦ ᑭᓯᐊᓂ. ᑕᒪᓐᓇ
ᖃᓄᐃᓕᖓᒍᑎᐅᒍᓐᓇᑐᒥᒃ ᐊᓯᐊᓂᒃ ᐃᓱᒪᒍᑎᐅᓯᓐᓂᖁᖅ: ᐃᒻᒪᖄᑦ ᐃᖃᓗᐃᑦ
ᐊᓂᕐᑎᕆᔭᑦᓭᕈᕐᓂᖁᑦ. ᑭᓯᐊᓂ ᑕᒪᓐᓇ ᖃᐅᔨᒪᔭᑦᑎᓂᒃ ᓈᒻᒪᓇᖕᖏᑐᖅ ᑕᓯᑲᓪᓚᒥ,
ᑲᑭᐊᑦᑑᓱᓂ, ᐱᕈᕐᑐᖃᓪᓗᐊᕋᓂ ᐊᓂᕐᑎᕆᔭᐅᔪᓂᒃ ᐱᑕᖃᑦᓯᐊᓱᓂ ᐃᑎᓂᖓᓂ. 

ᕿᒥᕐᕈᓂᖅ ᓱᓇᓄᑦ ᐊᒥᓱᐃᑦ ᑐᖁᕋᕐᓂᒪᖔᑕ

ᐊᓪᓚᖁᑎᓂᒃ ᐱᐅᓕᐊᕐᑕᐅᕕᒻᒦᑐᖅ
2002-ᓂᑕᕐᒥ ᑐᓴᕐᑎᓯᒍᑎᒃ

ᐅᓪᓗᒥᒧᑦ, ᑐᑭᓯᒍᑎᑦᓯᐊᒥᒃ ᐱᑕᖃᕋᑕᖕᖏᑐᖅ ᓱᒐᒥ ᑌᒣᓐᓂᒪᖔᑦ, ᐊᒻᒪᓗ
ᖃᐅᔨᒪᖕᖏᑐᒍᑦ ᑌᒣᓕᒋᐊᓪᓚᕈᓐᓇᒪᖔᑦ, ᐱᓗᐊᕐᑐᒥᒃ ᑲᔪᓯᑎᓪᓗᒍ ᓯᓚᐅᑉ
ᐊᓯᑦᔨᓂᖓ.

ᐊᓂᕐᑎᒐᑦᓭᕈᑦᑐᕕᓂᐅᓂᕐᒧᑦ ᑌᒣᓐᓂᖄᑦ?

ᓄᐊᑕᕕᓃᑦ 2002ᒥᓂ ᐊᒻᒪᓗ 2021-2022ᒥᓂᑌᑦ ᓄᐃᑦᓯᕗᑦ
ᐳᕐᑐᔪᒻᒪᕆᐅᓂᖓᓂᒃ ᐊᓂᕐᑎᕆᔭᐅᔪᖅ (>70%; ᑕᑯᓗᒍ ᐊᓪᓚᓯᒪᔪᖅ 1),
ᑭᓯᐊᓂ ᐊᑯᓂᕐᑐᒥᒃ ᐃᑉᐱᒍᓱᒐᓱᒋᐊᖃᕐᖁᑦ ᐊᓯᑦᔨᒍᓐᓇᒪᑦ ᐊᕐᕌᒍᑕᒫᑦ.
ᓱᑯᐃᔦᓂᕐᒥᒃ ᐱᓇᓱᑦᑏᑦ ᒥᑦᓴᐅᓵᕐᖁᑦ ᐳᒃᑭᓂᕐᐹᒥ ᐊᓂᕐᑎᕆᔭᐅᒍᓐᓇᑐᒥᒃ
ᑭᖕᖒᒪᒋᔭᐅᔪᒥᒃ ᐃᖃᓗᓐᓄᑦ ᑐᖁᔪᕕᓂᕐᓄᑦ, ᐊᒻᒪᓗ ᖃᐅᔨᔭᐅᓐᓂᖁᖅ
ᓈᒻᒪᒐᔭᕐᑐᕕᓂᐅᓂᖏᓐᓂᒃ. ᑖᒃᑯᐊ ᒥᑦᓴᐅᓵᕈᑏᑦ
ᖃᐅᔨᔭᐅᒋᐊᓪᓚᓯᐊᕆᐊᖃᕐᖁᑦ ᓄᑖᓂᒃ ᖃᐅᔨᓴᕈᑎᖃᕐᓗᑎᒃ.

ᐊᐱᕐᓲᑎᒃ ᑭᐅᔭᐅᕋᑕᖕᖏᑐᖅ: ᓄᐃᑕᖕᖏᑐᓂᒃ ᐱᑦᔪᑎᖃᕈᓐᓇᖄ?
ᖃᓄᐃᓕᖓᓂᓪᓚᕆᖓᓂᒃ ᐃᒪᕐᒥ ᓄᓇᖕᖑᐊᓕᐅᕐᓯᒪᓕᕐᑎᓗᒋᑦ ᐃᑎᓂᖓᓂᒃ
ᐃᒪᐅᑉ ᖃᐅᔨᓴᕐᑕᐅᒍᑎᕕᓂᕐᓂᒃ ᐊᓪᓚᓯᒪᔪᓂᓗ ᓄᑖᓂᒃ, ᓱᑯᐃᔦᓂᕐᒥᒃ
ᐱᓇᓱᑦᑏᑦ ᓄᓇᓕᒻᒥᐅᓗ ᐱᓇᓱᖃᑎᒌᒃᑯᑦ ᖃᐅᔨᒋᐊᕋᓱᑦᓱᑎᒃ ᐱᑦᔪᑎᖓᓂᒃ.

*ᐅᖄᔭᐅᓪᓚᕆᑦᓯᒪᖕᖏᑐᐃᑦ ᐱᓯᒪᔪᐃᑦ ᐅᖃᕐᑕᐅᒪᔪᓂ ᐅᖄᔪᕕᓂᕐᓄᑦ ᓄᓇᓕᒻᒥᐅᓄᑦ 2023ᒥ ᖃᐅᔨᒋᐊᕐᕕᐅᑎᓪᓗᒋᑦ.

ᐊᓂᕐᑎᕆᔭᐅᒍᓐᓇᑐᒥᒃ ᖃᓄᐃᓪᓗᐊᓂᖏᑦ ᐳᕐᑐᓂᖏᑦ ᒪᕐᕉᓂᒃ ᐊᑦᔨᒋᖕᖏᑐᓂᒃ ᐃᑎᓂᓕᒻᓂ ᐱᒋᐊᕐᓱᓂ 2021ᒥ 2022ᒧᑦ (M21 ᐊᓪᓚᓯᒪᔪᒥ 2ᒥ ᓄᓇᖕᖑᐊᖅ)
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ᑕᓯᑲᓪᓚᑕᐅᑉ ᐃᒪᖓᑕ
ᐃᑎᓂᖓ (ᒦᑕᑎᒍᑦ)

ᓯᕗᓂᕐᒥ ᐊᕐᕌᒍᓚᖓᔪᓂᒃ, ᐃᑉᐱᒋᔭᖃᕐᓂᐊᖁᒍᑦ ᐃᓕᑕᕐᓇᐅᑎᐅᒍᓪᓗᓂᒃ ᑕᓯᕐᒥ: ᓂᓪᓕᓇᕐᓂᖓᓂᒃ,
ᐊᓂᕐᑎᕆᔭᐅᔪᒥᒃ, ᐊᒻᒪᓗ ᖃᐅᓕᒪᓂᖓᓂᒃ (ᐊᓪᓚᓯᒪᔪᖅ 2: ᑭᓴᕐᓯᒪᔪᖅ M24 ᐱᒋᐊᕐᓱᓂ 2024ᒥᑦ - ᒫᓐᓇᒧᑦ).
ᑖᒃᑯᐊ ᖃᐅᔨᒪᒍᑏᑦ ᑕᓯᕐᒥᒃ ᐅᒻᒪᑎᒥᒃ ᑎᓪᓕᑖᕆᔮᕐᑕᖏᑦ, ᐃᖃᓗᐃᑦ ᐃᓂᖏᓐᓂᒃ ᓴᓇᓯᒪᔪᑦ
(ᐊᖏᓕᕙᓪᓕᐊᓂᖅ, ᐊᓂᕐᑎᕆᓂᖅ, ᑕᑯᓐᓈᓂᕐᒥᓗ). ᑲᒪᒋᖃᑦᑕᓱᒋᑦ ᐊᕐᕌᒍᕐᓂᒃ ᐊᒥᓱᒐᓚᓐᓂᒃ, ᓄᐃᑦᓯᒍᓐᓇᖁᒍᑦ
ᖃᓄᐃᑦᑐᒥᒃ ᐱᐅᓯᖃᕐᒪᖔᑦ ᐊᓂᕐᑎᕆᓂᖓᓂᓗ ᐊᕐᕌᒍᐃ ᑉᓗᐊᓂ ᓯᓚᓂᒃ ᐊᑦᔨᒋᖕᖏᑐᓂᒃ.

ᓄᐃᑦᓯᒍᑎᒃ ᓲᖑᓯᑦᓯᐊᐸᑦ, ᐊᑐᕈᓐᓇᑕᕗᑦ ᖃᐅᔨᒪᒍᑎᒋᓗᒍ ᐊᑑᑎᔪᕕᓂᕐᓂᒃ. ᕿᒥᕐᕈᓗᑕ ᐊᑑᑎᔪᕕᓂᕐᓂᒃ ᖃᐅᔨᓗᑕᓗ
ᖃᓄᐃᓕᖓᓐᓂᒪᖔᑦ ᑕᓯᖅ 2002ᒥ, ᐊᕐᕌᒍᖓ ᐊᒥᓱᐃᑦ ᐃᖃᓗᐃᑦ ᑐᖁᕋᕐᓂᕕᓂᖓᓂ. ᐊᐱᕆᒍᓐᓇᕆᕗᒍᑦ:
ᐊᓯᖏᓐᓂᒃ ᐊᕐᕌᒍᕐᓂ ᑌᑦᓱᒪᓂᓂ ᖃᓄᐃᓕᖓᓂᖏᑦ ᑎᑭᐅᑎᒋᐊᓪᓚᑲᓴᓐᓂᕆᕚᑦ ᑌᒣᓐᓂᐅᓯᒪᔪᒧᑦ 2002ᖑᑎᓪᓗᒍ?

ᑭᓯᐊᓂ ᓄᐃᑦᓯᒍᑎᒃ ᐊᑐᕐᓂᐊᒥᔪᖅ ᕿᓚᓈᕐᓂᒥᒃ ᓯᕗᓂᕐᒥ. ᐅᐊᕈᑎᒋᑦᑎᓗᒋᑦ ᐊᑦᔨᒋᖕᖏᑐᐃᑦ ᓯᓚᐅᑉ
ᖃᓄᐃᓕᖓᓂᕆᒍᓐᓇᑕᖏᑦ, ᕿᒥᕐᕈᒍᓐᓇᖁᒍᑦ ᑕᓯᖅ ᖃᓄᐃᓕᖓᒍᓐᓇᒪᖔᑦ ᐅᕐᖂᓂᕐᓴᓂ ᐅᐱᕐᖔᓂ, ᓀᓐᓂᓴᐅᓕᕐᑐᓂ
ᐅᑭᐅᓂ, ᐊᓯᑦᔨᓂᖏᓐᓂᓗ ᓱᕈᔪᓐᓃᑦ ᐅᕝᕙᓗᓐᓃᑦ ᐊᓂᐅᖃᕐᓂᖏᑦ. ᑖᓐᓇ ᑐᑭᓯᒍᑎᑐᐃᓐᓇᕆᓇᒍ ᓱᔪᕕᓂᐅᓂᖓᓂᒃ ᑌᑦᓱᒪᓂ,
ᑭᓯᐊᓂ ᑕᒪᓐᓇ ᐊᑑᑎᒋᐊᓪᓚᑐᐃᓐᓇᕆᐊᖃᕐᓂᖓᓂᒃ. ᑌᒫᒃ, ᑕᓯᖅ ᑕᑯᑦᓴᐅᑎᑦᓯᔪᖅ ᑕᒪᒋᓐᓂᒃ ᐊᑑᑎᓯᒪᔪᒥᒃ ᐃᕐᖃᐅᒪᓂᕐᒥᒃ
ᖃᐅᔨᒪᑎᑦᓯᒍᑎᓂᓗ ᐃᓱᒫᓗᓐᓇᑐᓂᒃ.

ᑕᓯᕐᒥ ᐊᓯᑦᔨᓂᕐᓂᒃ ᓯᓚᐅᓗ ᐊᓯᑦᔨᓂᕆᓂᐊᕐᑕᖓᓂ ᓂᕆᐅᒋᔭᐅᔪᑦ 
ᐊᑐᕐᓱᑕ 2021-2022ᒥ ᑭᓴᕐᓯᒪᔪᒥᒃ ᓄᐊᑦᓯᔪᒥᒃ ᑕᓯᐅᓗ ᐃᑎᓂᖏᓐᓂᒃ ᓄᓇᖕᖑᐊᓕᐅᕈᑎᒥᒃ, ᓄᐃᑦᓯᓯᒪᓕᕐᖁᒍᑦ ᖃᓄᐃᓕᖓᓂᖓᓂᒃ
ᐱᐅᓯᕙᓪᓕᐊᑐᐃᓐᓇᓂᐊᕐᑐᒥᒃ ᓄᐊᑦᓯᒋᐊᓪᓛᓂᑦᑎᓂᒃ. ᒫᓐᓇ ᓄᐊᑕᐅᒪᔪᐃᑦ ᓄᐃᑦᓯᓯᒪᓕᕆᕐᖁᑦ ᑕᓯᐅᑉ ᐊᕐᕌᒎᑉ ᐃᓗᐊᓂ ᐅᐊᕈᑎᒋᓐᓂᖏᑦ ᐊᒻᒪᓗ ᐳᕐᑐᓕᕆᕐᓂᖏᑦ
ᐃᒪᐅᑉ ᐃᓗᐊᓂ, ᐃᓂᕐᕋᑎᑕᐅᔪᖅ ᓯᕿᓂᐅᑉ ᖃᐅᒪᓂᖓᓄᑦ ᐊᓄᕆᒧᓗ. ᐃᑉᐱᒋᔭᖃᕐᓯᒪᕗᒍᑦ (1) ᐅᑭᐅᖅ ᓯᕕᑐᓂᖃᕐᑎᓗᒍ 240ᒐᓚᓐᓂᒃ ᐅᓪᓗᓂᒃ 2022ᒥ, ᐃᒪᖅ
ᓂᓪᓕᓇᕐᓂᓴᖅ ᖁᓛᓂᑉᐸᑦ ᐃᒪᕐᒥᒃ ᐅᕐᖂᓂᕐᓴᒥᒃ ᓯᑯᑎᓪᓗᒍ (0-4°C), ᐊᒻᒪᓗ (2) ᐅᐱᕐᖔᒥ, ᖁᓛᓃᑦᑐᖅ ᐃᒪᖅ ᑎᑭᐅᑎᒍᓐᓇᑐᖅ 17°C-ᓄᑦ ᔪᓓ ᓈᓂᖓᓂ  ᐅᕐᖂᔪᓂ
ᐊᕐᕌᒍᕐᓂ, ᐃᕐᖃᖓᓂ 4°C-ᒥᖏᓐᓇᑎᓪᓗᒍ. ᐅᑭᐅᖑᑎᓪᓗᒍ ᐃᖃᓗᐃᑦ ᐊᖏᔪᐃᑦ ᐃᓗᓯᕐᓱᓯᐊᕐᓂᖏᑦ ᓱᕐᕋᑕᐅᓲᖑᕗᑦ ᓱᕓᑦ ᐱᕈᕐᐸᓕᐊᓂᖏᓗ, ᐅᐱᕐᖔᖑᑎᓗᒍᓕ
ᐅᕐᖂᓂᖏᑦ ᐃᖃᓗᓂᒃ ᐊᖏᓕᕙᓪᓕᐊᑲᐱᑎᑦᓯᓱᓂ ᐃᒪᕐᐱᒨᓚᐅᕐᑎᓇᒋᑦ.

ᓯᕗᓂᕐᒥ ᓂᕆᐅᒋᔭᐅᔪᖅ ᐅᓄᕐᓯᕙᓪᓕᐊᓂᐊᕐᑎᓗᒋᑦ ᐅᕐᓱᐊᓗᓪᓗᓂᒃ ᐳᔪᐃᑦ (RCP 8.5) ᓄᐃᑕᑎᑦᓯᔪᖅ ᓄᓇᓕᒫᖓᓂ ᐅᕐᖂᓯᐅᒥᓂᖓᓂᒃ, ᓯᓚᐅᑉ ᐅᕐᖂᓂᕆᓲᖏᑦ
ᐳᕐᑐᓯᐅᒥᑎᓪᓗᒍ 6°C-ᓄᑦ ᐊᕐᕌᒍᒋᓐᓂ 2070-2100 ᐊᒻᒪᓗ ᑎᑭᑦᑐᒥᒃ 12°C-ᓄᑦ ᐅᑭᐅᖑᑎᓪᓗᒍ (ᐊᓪᓚᓯᒪᔪᖅ 3). ᖃᐅᔨᒍᑎᕕᓂᖅ ᑐᑭᓕᐅᕐᑕᐅᒋᐊᓕᒃ ᐃᒪᐅᑉ
ᐅᕐᖂᓂᖏᓐᓄ. ᐅᑭᐅᒥ ᖃᓐᓂᓂᐅᒍᓐᓇᑐᑦ ᒪᕐᕈᕕᓪᓗᐊᑐᒥᒃ ᖃᓐᓂᓂᕐᓴᐅᒍᓐᓇᒪᑦ, ᖃᐅᒪᖕᖏᓂᕐᓴᐅᑎᑦᓯᓗᓂ ᓯᑰᑉ ᐊᑖᓂ.

ᐅᕐᖂᓂᕐᓴᐅᓕᕐᑎᓗᒋᑦ ᐅᐱᕐᖔᖏᑦ ᐅᖁᒣᑦᑑᓂᐊᕐᖁᖅ ᐃᖃᓗᓐᓄᑦ ᐊᓂᕐᑎᕆᔭᐅᒍᓐᓇᑐᓗ ᒥᑭᓕᐅᒥᓗᓂ. ᐅᑦᑑᑎᒋᓗᒍ, ᐃᖃᓗᑉᐲᑦ ᓂᓪᓕᓇᕐᓂᓴᒥᒃ 20°Cᓂᒃ
ᐃᒫᓂᒋᐊᖃᕐᒪᑕ ᐊᓂᕐᑎᕆᔭᖏᓪᓗ ᐳᕐᑐᓂᕐᓴᐅᓗᑎᒃ 5 mg/L-ᓂᒃ ᖃᓄᐃᖕᖏᓯᐊᓂᐊᑐᐊᕈᑎᒃ. ᐊᓯᑦᔨᐸᑦ ᐅᕐᖂᓂᖓ, ᐊᓂᕐᑎᔭᐅᔪᖅ, ᖃᐅᒪᓂᖓᓗ ᐊᓯᑦᔩᓱᖑᒻᒪᑦ
ᓂᕿᒋᔭᐅᔪᓂᒃ, ᓱᕐᕃᓱᓂ ᖁᐃᓂᓂᖏᓐᓂᒃ ᐃᖃᓗᐃᑦ ᐊᒻᒪᓗ ᐳᕐᑐᓂᖓᓂᒃ ᒧᒃᑯᕆᐅᑉ. ᑖᓐᓇ ᖃᐅᔨᓴᕐᓂᖅ ᐱᑐᒍᑎᐅᕗᖅ ᑌᑦᓱᒪᓂ, ᐅᓪᓗᒥ ᓯᕗᓂᕐᒥᓗ ᑕᓯᐅᑉ
ᖃᓄᐃᓕᖓᓂᕆᓯᒪᔭᖏᓐᓂᒃ ᑐᑭᓯᑦᓯᐊᓕᐅᒥᓗᑕ ᓯᓚᐅᑉ ᐊᓯᑦᔨᓂᖓᓄᑦ ᓱᕐᕃᑕᐅᒍᑎᐅᒍᓐᓇᑐᓂᒃ ᐃᖃᓗᐃᑦ ᖃᓄᐃᖕᖏᓯᐊᕐᓂᖏᓐᓂᒃ ᓄᓇᓕᒻᒥᓗ
ᓂᕿᑦᓴᑖᕐᓂᕆᓲᖏᓐᓂᒃ.

ᐃᒪᐅᑉ ᑰᓐᓂᖓ

ᓂᕆᐅᒋᔭᐅᔪᓂ ᐊᓯᑦᔨᓂᐅᓂᐊᕐᑐᓂ ᓯᓚᐅᑉ ᐅᕐᖂᓂᖓᓂ (delta T) ᑕᓯᑲᓪᓚᒥ, ᑐᖕᖓᕕᖃᕐᓱᑎᒃ ᐊᑯᓐᓂᖓᓃᑦᑐᓃᒃ 5ᓂᒃ ᓄᓇᓂᒃ ᓯᓚᐅᑉ ᖃᓄᐃᓕᖓᓂᕆᓲᖏᓐᓂ, ᑕᑯᓐᓇᓱᒋᑦ
ᑐᖕᖓᕕᒋᔭᐅᔪᐃᑦ ᖃᖓᐅᓂᖏᑎᒍᑦ (1981-2010) ᓯᕗᓂᕐᒥ ᖃᓄᐃᓕᖓᓂᐅᓂᐊᕐᑐᐃᑦ (2071-2100) ᐊᖏᓗᐊᖕᖏᑐᒥᒃ ᐳᔪᕐᓂᖃᕋᔭᕐᐸᑦ (RCP 4.5; ᑐᖑᔪᕐᑕᖅ)
ᐊᒻᒪᓗ ᐳᕐᑐᔪᒥᒃ ᐳᔪᖃᕐᓂᐸᑦ (RCP 8.5; ᐊᐅᐸᓗᑦᑕᒃ).

ᖃᐅᔨᓴᕐᓂᕕᓂᕐᒥ  ᖃᐅᔨᑎᑦᓯᒍᑎᒃ  ᓀᓪᓕᑎᕐᓯᒪᔪᖅ FROST-ᑯᑦ ᖃᐅᔨᓴᕐᓂᕕᓂᖏᑦᐅᑦᑐᐱᕆ  1 ,  2025



ᓄᓇᐅᑉ ᖃᓄᐃᓕᖓᓂᖓ ᐃᓚᐅᒍᓐᓇᖃ ᑐᑭᓯᒪᖕᖏᓂᑦᑎᓄᑦ?

ᑭᑭᐊ
ᑦᓴᔭ
ᕐᑕᓕ

ᒃ ᐃᒪ
ᕐᓂ ᓴᓂᕐᕿᑎᖏᓐᓂ

?ᐊᑦᔨᖑᐊᖅ 4

ᖃᖓᐅᓂᖏᑦ ᖃᓄᐃᓗᕈᑎᐅᓂᐊᓕᕐᒥᔪᐃᓗ
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2025
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2025

ᒫᑦᔨ
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ᔪᓓ
2026

ᐱᓇᓱᑦᑕᐅᔪᖅ
ᐱᒋᐊᕐᑎᑕᐅᔪᖅ
ᑭᓴᕐᓯᒪᔪᒥ M21
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ᓄᓇᓕᒻᒥᐅᓂᒃ
ᖃᐅᔨᓴᒋᐊᕐᕕᖃᕐ

ᓂᖅ
ᐃᓕᔭᐅᓂᖓ ᑭᓴᕐᓯᒪᔪᖅ
ᖃᐅᔨᓴᕈᑎᒃ M24

  + ᐃᑎᓂᖓᓂᒃ ᑕᓯᐅᑉ
ᓄᓇᖕᖑᐊᓕᐅᕐᓂᖅ

ᓄᐃᑕᕕᓂᕐᒥᒃ
ᐱᕙᓪᓕᐊᑎᑦᓯᓂ

ᖅ ᐊᒻᒪᓗ
ᓯᓚᒧᓄᓕᖓᔪᓂ
ᒃ ᐱᓇᓱᑦᑕᐅᔪᑦᓴᑦ

ᑐᓴᕋᑦᓴᓯᐊᖅ
ᐱᓯᒪᔪᖅ

NordForsk ᐊᒻᒪᓗ
ArcticNet-ᑯᓂ
ᐅᓐᓂᑑᑎᓕᐊᖑᔪᑦ:

FROST
ᐱᓇᓱᑦᑕᐅᔪᑦᓴᖅ

$
ᓄᑕᐅᓯᓕᕐᓗᒍ
ᖃᐅᔨᓴᕈᑎᒃ

ᐃᑯᒪᓕᒻᒥᒃ ᐊᒻᒪᓗ
DO sensors-ᓕᒻᒥᒃ

ᐊᒻᒪᓗ
ᑕᕐᕋᓕᔭᓕᐅᕐᑐᖅ
(ᓯᑯᒃ ᐊᓂᐅᓗ

ᖃᓄᐃᓪᓗᐊᓂᖏᓐ
ᓂᒃ) + FROST
ᖃᐅᔨᓴᕐᓂᖅ

ᐅᐱᕐᖓᓴᒥ
FROST-
ᒥᒃᐊᑐᕐᓱᓂ
ᖃᐅᔨᓴᕐᓃᑦ

ᐅᕐᐱᕐᖔᒥ
FROST-
ᒥᒃᐊᑐᕐᓱᓂ
ᖃᐅᔨᓴᕐᓃᑦ

(T°, DO, ᐃᓂᕐᕋᓂᖓᓂᒃ )

ᐅᓇᐅᒍᓐᓇᒥᔪᖅ ᒪᓗᓐᓇᕈᑎᐅᑦᓱᓂ ᑕᓯᕐᒥ ᖃᓄᐃᓕᖓᓂᖓ ᓄᓇᖓᑕ ᐊᒻᒪᓗ ᑲᑮᑦᑐᑐᐊᕐᒪᑦ. ᐃᓚᖏᓐᓂ ᓄᓇᓂ, ᐃᓚᖏᑦ ᓯᕐᒦᑦ ᑭᑭᐊᑦᓴᔭᖏᑦ
ᑕᓯᕐᒨᔭᕈᓐᓇᖁᑦ ᐊᑯᓂ ᓄᓇᒃ ᐸᓂᕐᑐᕕᓂᐅᓚᐅᕐᑎᓗᒍ ᓱᕈᔪᒻᒪᕆᓯᑉᐸᑦ, ᐊᒻᒪᓗ ᑖᒃᑯᐊ ᑭᑭᐊᑦᓴᔦᑦ ᓱᒃᑯᐃᒍᓐᓇᓱᑎᒃ ᐃᖃᓗᓐᓂᒃ ᓂᐱᓗᑎᒃ
ᒪᖏᓐᓄᑦ, ᓱᒃᑫᑐᒥᒃ ᐃᐱᑎᑦᓯᓗᑎᒃ (ᐊᑦᔨᖑᐊᖅ 4). 

Dᑌᑦᓱᒪᓂ 2002 ᐃᖃᓗᐃᑦ ᑐᖁᕋᕐᑎᓗ ᒋᑦ, ᐃᖃᓪᓕᐊᑎᒃ ᑕᑯᔪᕕᓂᖅ ᐅᖃᕐᓯᒪᔪᖅ ᐃᖃᓗᐃᑦ ᐃᐱᔪᕕᓂᐅᔮᕐᓂᕋᕐᓱᓂᒋᑦ ᐊᒻᒪᓗ ᐃᒪᖅ
ᖃᑯᕋᔪᕐᓂᕋᕐᓱᓂᐅᒃ. ᓱᑯᐃᔦᓂᕐᒥᒃ ᐱᓇᓱᑦᑏᑦ ᓇᐅᑦᓯᑐᕐᓂᖁᑦ ᐳᒃᑭᑑᓂᕃᑦᓱᑎᒃ pH (5.3-5.4)-ᖓᓂᒃ, ᐊᒻᒪᓗ ᐊᕐᕌᒍᓂ 2024ᒥ
ᐳᒃᑭᑖᖏᓐᓇᓂᕐᓂᖁᖅ (5.5), ᓄᐃᑦᓯᓱᓂ ᑕᓯᖅ ᑲᑮᑦᑐᓂᖓᓂᒃ ᐊᒻᒪᓗ ᓱᕐᕋᑕᐅᒍᐊᕐᑑᕈᓐᓇᓱᓂ ᐊᓯᑦᔨᑲᓪᓚᑐᖃᕐᐸᑦ. ᓇᐅᑦᓯᑐᓂᐊᕐᖁᒍᑦ
alkalinity-ᖑᓂᕋᕐᑕᐅᔪᒥᒃ ᐊᓯᖏᓐᓂᓗ ᓄᓇᒃ ᓱᒃᑯᓇᕐᑐᑕᖃᕐᒪᖔᑦ ᖃᐅᔨᒪᒍᑎᓂᒃ ᖃᐅᔨᒋᐊᕋᓱᓪᓗᑕ.

ᑕᒪᓐᓇ ᐃᓚᒋᔭᐅᒍᓐᓇᖄ ᑕᓯᑲᓪᓚᒥ ᐊᑑᑎᓯᒪᔪᒧᑦ? ᑕᑉᐹᓂᒋᐊᖓᓂ ᑕᓯᕐᓂ ᑐᖑᔪᕐᑕᓂ ᒪᓗᓐᓇᕈᑕᐅᕗᖅ ᐊᔪᒉᑦᑐᒥᒃ ᐃᒪᕐᒥᒃ ᐱᑕᖃᕐᓂᖓᓂᒃ,
ᑭᓯᐊᓂ ᖃᐅᔨᓴᕐᑕᐅᒋᐊᓪᓚᕆᐊᓕᒃ ᓱᓕ —ᓄᓇᓕᐅᓗ ᑕᑯᖃᑦᑕᑕᖏᑦ ᖃᐅᔨᒪᒍᑎᑦᓯᐊᖑᓂᐊᕐᖁᑦ.

ᒪᓯᒃ
pH↓ 

ᐃᒣᓕᖓᕐᖄᒪᑦ ᓚᒍᑎᒃ ᖃᐅᔨᓴᕈᑎᒃ
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ᖃᐅᔨᒋᐊᕐᕕᒋᑎᒍᑦ
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ᑐᓴᐅᒪᒋᑦ FROST-
ᒧᓕᖓᔪᓂᒃ

frostresearch Frost Research

ᖃᓄᖅ ᑐᑭᓕᒃ ᓄᓇᓕᒻᒧᑦ? 

ᖃᐅᔨᓴᕐᓂᖅ ᑕᓯᑲᓪᓚᒥ ᑮᓇᐅᔭᖃᕐᑎᑕᐅᓯᒪᓕᕐᖁᖅ ᓯᑕᒪᓂᒃ ᐊᕐᕌᒍᕐᒃ. ᓄᐊᑦᓯᒍᓐᓇᓗᑕ ᓄᑖᓂᒃ
ᖃᐅᔨᒪᔭᐅᒋᐊᓕᓐᓂᒃ ᖃᐅᔨᓗᑕᓗ ᓱᓇᒧᑦ ᑐᖁᕋᕐᓂᒪᖔᑕ ᐃᖃᓗᐃᑦ 2002ᒥ. ᑕᓐᓇ ᑲᑐᑦᔨᖃᑎᒌᓐᓂᐅᔪᖅ
ᑐᑭᓯᒍᑎᒋᓂᐊᕐᑕᕗᑦ ᖃᓄᐃᓕᖓᓂᕕᓂᕐᓂᒃ ᑌᒣᓚᕿᒍᑎᕕᓂᕐᓂᒃ ᑌᑦᓱᒪᓂ ᑌᒣᒋᐊᓪᓚᑐᐃᓐᓇᕆᐊᖃᕐᓱᓂᓗ
ᐅᑭᐅᕐᑕᑐᒥ ᓯᓚᖓ ᐊᓯᑦᔨᓂᖓᓄᑦ.

ᐊᓯᐊᒍᓕ ᐃᖃᓗᐃᑦ ᐊᓐᓇᐅᒪᒍᓐᓇᓂᖏᓐᓂᒃ, ᐱᓇᓱᑦᑕᐅᔪᖅ ᕿᒥᕐᕈᓂᐅᔪᖅ ᑕᓰᑦ ᖃᓄᐃᓕᖓᓂᖏᑦ ᓯᓚᐅᓗ
ᐊᓯᑦᔨᓂᖓᓄᑦ ᓱᕐᕋᑕᐅᒻᒪᖔᑕ ᐃᖃᓗᐃᑦ ᖃᓄᐃᖕᖏᓯᐊᕐᓂᖏᑦ (ᖁᐃᓂᓂᖏᑦ ᒧᒃᑯᕆᓗ),
ᑐᑭᓯᒪᔭᐅᒋᐊᓕᓐᓂᒃ ᑐᑭᓯᒍᑎᐅᓗᓂ ᖃᓄᐃᖕᖏᓯᐊᕆᐊᖃᕐᓂᖏᓐᓂᒃ ᓄᓇᖃᕐᖄᓯᒪᔪᐃᑦ ᓄᓇᓕᖏᑦ
ᑖᒃᑯᓇᖕᖓ ᓂᕆᔭᑦᓴᑖᓱᓄᑦ, Frost ᑮᓇᐅᔭᖃᕐᑎᓯᒍᑎᖏᑦ ᐃᑲᔪᕐᓯᒍᑎᐅᒻᒥᔪᑦ ᑐᓂᒪᑦᓯᐊᑐᒥᒃ
ᑐᓴᕋᑦᓴᔭᓕᕆᔨᒥᒃ ᓱᑯᐃᔦᓂᕐᒧᖓᔪᓂᒃ ᑐᓴᐅᓴᒪᐅᑎᑦᓯᓱᓂ ᑐᑭᓯᒪᓕᐅᒥᑎᑦᓯᒍᑎᐅᑦᓱᓂᓗ ᖃᐅᔨᒪᔭᐅᒍᓯᕐᓂᒃ
ᑐᓴᐅᒪᔭᐅᑎᑦᓯᓂᕐᒥᒃ.

ᓀᓪᓕᑎᕐᓯᒪᔪᒥᒃ |  FROST-ᖑ-ᖑᓂᕋᕐᑕᐅᔪᖅ ᐅᑭᐅᕐᑕᑐᒥ ᓄᓇᖏᓐᓂ ᐱᓇᓱᑦᑕᐅᔪᖅ ᖃᐅᔨᒍᑎᐅᒐᓱᑦᓱᓂ ᐊᑦᔨᒌᖕᖏᓂᖏᓐᓂᒃ ᑕᓯᖓ
ᑕᓯᑲᓪᓚᐅᑉ 12 ᒋᐊᓪᓚᓂᒃ ᐊᓯᖏᓐᓂᒃ ᑕᓯᕐᓂᒃ ᐅᑭᐅᕐᑕᑐᒥ ᑐᑭᓯᒋᐊᕈᑎᐅᒐᓱᑦᓱᓂ ᐊᓯᑦᔨᓂᖏᑦ ᖃᓄᖅ ᐅᑭᐅᖑᑎᓪᓗᒍ ᖃᓄᐃᓕᖓᓂᖏᑦ
—ᓯᑰᑉ ᖃᓄᐃᓕᖓᓂᖓ, ᐊᓂᐅᒃ, ᐃᒪᐅᑉ ᓂᓪᓕᓇᕐᓂᖓ, ᐊᓂᕐᑎᕆᔭᐅᔪᖅ, ᐊᒻᒪᓗ ᖃᐅᒪᓂᖓ—ᓱᕐᕃᒪᑕ ᓂᕆᔭᐅᓲᓂᒃ, ᐃᖃᓘᑉ
ᖃᓄᐃᖕᖏᓯᐊᕐᓂᖓᓂᒃ, ᓂᕿᖃᑦᓯᐊᕆᐊᖃᕐᓂᒥᒃ, ᐊᒻᒪᓗ ᐅᓇᒋᐊᓪᓚᓗ ᐃᓂᕐᕋᓂᐅᔪᖅ ᓯᑯᑎᒍᑦ. 

FROST ᐱᑐᑦᑎᑦᓯᒍᑎᐅᔪᖅ ᓄᓇᖓᓂ ᖃᓄᐃᓕᖓᓂᐅᔪᒥᒃ ᐃᖃᓗᐃᑦ ᐊᑦᑕᓀᑦᑐᒥᓐᓂᖏᓐᓂᒃ ᐊᒻᒪᓗ ᓂᕆᔭᐅᔪᐃᑦ ᖃᓄᐃᓪᓗᐊᑐᓂᒃ
ᐱᐅᔫᓂᖃᕐᒪᖔᑕ ᓇᐅᑦᓯᑐᕐᑕᐅᑎᓪᓗᒋᑦ ᒧᒃᑯᕆᒥᒃ, ᐅᕐᓱᖏᓐᓂ ᓱᒃᑯᓇᕐᑐᐃᑦ, ᐊᒻᒪᓗ ᐊᓯᑦᔨᑕᖕᖏᑐᖅ isotopes-ᖑᓂᕋᕐᑕᐅᔪᓂ.
ᐃᓚᐅᑎᑦᓯᓯᐊᕐᓂᖏᓐᓄᑦ ᐃᓅᖃᑎᒌᓄᓕᖓᔪᓂᒃ ᓱᑯᐃᔦᓂᓕᕆᓂᕐᒥᒃ ᐃᓄᐃᑦ ᑕᑯᓐᓇᑕᖏᓐᓂᒃ ᓯᕗᓂᐊᒍᑦ ᖃᓄᐃᓕᖓᓂᐅᓯᒪᔪᓂᒃ, ᐃᖃᓗᐃᑦ
ᑐᖁᕋᕐᑐᕕᓃᑦ, ᐃᖃᓘᑉ ᐊᒥᕋᖓᑕ ᖃᓄᐃᖕᖏᓯᐊᕐᓂᖓᓂᒃ, ᐃᓗᕐᕈᓯᑎᒍᓗ ᐱᒻᒪᕆᐅᓂᖓᓂᒃ ᐊᐅᓚᓴᕐᓂᖅ ᐊᒻᒪᓗ ᐅᑭᐅᒃᑯᑦ ᐊᑐᕐᑕᐅᓲᖑᓂᖓ ᑕᓯᖅ.
ᐅᐊᕈᑎᒌᑦᑎᓱᒋᑦ ᓄᓇᒥ ᓱᑯᐃᔦᓂᓕᕆᓂᖅ ᓄᓇᖃᕐᖄᓯᒪᔪᐃᓗ ᖃᐅᔨᒪᒍᓯᖏᑦ, FROST ᐱᒍᓐᓇᓯᓂᐊᕐᑐᖅ ᐅᑯᓂᖓ l ᓄᐃᑦᓯᖃᑎᒌᓪᓗᑎᑦ
ᐋᕐᕿᒋᐊᕆᒍᓯᕐᓂᒃ ᖃᓄᐃᓗᕈᑎᑦᓴᓕᐅᕐᓗᑎᑦ ᐊᒻᒪᓗ ᐊᓂᒍᐃᒍᑎᐅᒍᓐᓇᓂᐊᕐᑐᓂᒃ ᐸᕐᓀᕈᑎᓕᐅᕐᓗᑎᒃ ᓴᐳᑦᔨᓗᑎᑦ ᓄᓇᓕᐅᑉ ᓂᕿᖃᑦᓯᐊᕆᐊᖃᕐᓂᖓᓂᒃ
ᐃᓗᕐᕈᓯᒥᓗ ᐊᑑᑎᓂᕐᓂᒃ ᐱᑐᑦᓯᒪᒍᑎᒋᔭᖏᓐᓂᒃ ᐅᑭᐅᕐᑕᑐᒥ ᑕᓯᖏᓐᓄᑦ.

ᑕᑯᔭᕕᓂᓯᓐᓂᒃ ᓄᓇᓕᒻᒥᐅᖑᑦᓱᓯ ᖃᐅᔨᑎᑕᐅᒍᒪᕗᒍᑦ ᑕᓯᕐᓂ ᐃᖃᓗᓐᓂᓗ, ᐃᑲᔪᕐᓯᓂᐊᕐᑐᖅ ᐱᓇᓱᑦᑕᐅᔪᒥᒃ
ᐅᖄᖃᑎᒌᓐᓂᓄᑦ ᐃᓚᐅᓗᑎᓗ. ᓱᑯᐃᔦᓂᕐᓄᓕᖓᔪᓂᒃ, ᐅᓂᒃᑳᑕᕐᓂᒃ, ᐃᑲᔪᕐᓯᓂᒃᑯᓗᓐᓃᑦ, ᐃᓚᐅᓪᓚᕆᒋᐊᖃᕐᖁᑎᑦ

ᑐᑭᓯᒪᓂᐊᕋᑦᑕ ᑕᓯᕐᒥ ᐊᓯᑦᔨᓂᐅᔪᓂᒃ ᐃᑲᔪᕐᓯᓗᑎᓗ ᓄᓇᓕᐅᑉ ᖃᓄᐃᖕᖏᓯᐊᕐᓂᖓᓂᒃ.

ᓇᑯᕐᒦᒪᕆᐊᓗᒃ ᐊᖑᕕᒐᒃᑯᑦ ᓄᓇᒥ ᑎᒍᒥᐊᕐᑎᑯᓪᓗ ᖃᐅᔨᒪᔭᒥᓂᒃ ᑐᓴᕐᑎᓯᓂᖏᓐᓄᑦ ᐃᖃᓗᐃᑦ ᖃᓄᐃᑦᑑᓂᖏᓐᓂᒃ ᑕᓯᑲᓪᓚᒻᒥ, ᕿᐊᓐᓂ
ᐃᑦᑐᓛᒥᒃ, ᕕᕈᓂᒃ ᑐᐳ, ᑯᓗᑦ ᐱᓚᓐᔨ, ᐊᒻᒪᓗ ᕋᐅᓪ-ᒪᕆ ᑯᑐᕐ, ᐊᒻᒪᓗ ᐅᑭᐅᕐᑕᑐᒥ ᖃᐅᔨᓴᕐᕕᒃ.

ᐊᑐᐊᕋᑦᓴᐅᑉ ᐃᓂᓪᓚᖓᒍᓯᖓᓂᒃ ᓄᐃᑦᓯᔪᕕᓂᖅ:  ᒪᕆ-ᑭᕆᔅᑎᓐ ᓚᕗᕈᓂᐊᕐ
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