10-12"" degree

Task 1.

1. Haiitu Kom4uecTBO HATYpaJbHBIX ducesg n > 1, JijIg KOTOPBIX MPHU JIIOOOM HATYpaJIbHOM I pas-

HOCTb T2° — T KpaTHa n.

Find the amount of integers n > 1 such that for any positive integer x the number 2% — x is

divisible by n.

2. Haiitu Ko/im4gecTBO HATypabHBIX duces 1 > 1, Jiiss KOTOPBIX HPHU JIIOOOM HATYPaJibHOM X Pa3-
nocts 22! — x xpaTHa N.

Find the amount of integers n > 1 such that for any positive integer = the number 2?* — z is

divisible by n.

3. Haititu kosimvyecTBO HATypaabHBIX YUCeJT 1 > 1, JIsi KOTOPBIX MpHU JIOOOM HATYPaJbHOM X Pas-

HOCTb 37 — T KpaTHA N..

Find the amount of integers n > 1 such that for any positive integer x the number 237 — x is

divisible by n.

4. Haiitu KoJim4ecTBO HATypaJbHbIX ducesq n > 1, juid KOTOPBIX IIPU JI0OOM HATypa/JbHOM T pas3-

HOCTb 3317 — I KpaTHa N.

Find the amount of integers n > 1 such that for any positive integer = the number 2'7 — z is

divisible by n.



Task 2.

1. Amuca u Bo6 urpator B urpy. Ha crose nexar k jucros 6ymaru. CHavana Asinca mumrer Ha KazK-
JIOM JTHCTe HAOOp KAKUX-TO wucesn or 1 mo 2022 (Ha pasHBIX JHCTAX YHCJA MOTYT MOBTOPATHCS;
TakyKe AJinca MOXKET He HAIMCATh HU OJIHOTO YUC/Ia Ha KAKOM-TO JINCTKE WU HAIHUCATH CPa3y BCe
ancsia). 3aTeM AJtica muier Ha 0OPaTHOl CTOPOHe KaKJI0r0 JINCTa, BCe OCTABIIHECs YHCIa oT 1 j10
2022 (T.e. Ha KarKJOM JIHCTe 3amucanbl Bee ducia or 1 1o 2022). 3arem Bob nepeBopaunBaer HeKoO-
TOpBIE JIUCTBI JIPYTOil CTOPOHON BBEpPX (OH TaKzKe MOXKET He IePEeBepHYTh HH OJHOrO JIHCTA T
nepe- BepHYTh Cpa3y Bce). Bob BRIUTPBIBAET, €CJIM HA BEPXHUX CTOPOHAX BCEX JIMCTOB OY/IYT 3alu-
canbl Bce unca or 1 10 2022. [Ipu kakom HaummeHnbireM k Bob rapaHTHPOBAHHO CMOXKET BHIUTPATH?

Alice and Bob are playing a game. There are k sheets of paper on the table. First, Alice writes on
each sheet a set of some numbers from 1 to 2022 (numbers can be repeated on different sheets;
Alice can also leave an empty sheet or write all the numbers at once). Then Alice writes on the
back of each sheet all the remaining numbers from 1 to 2022 (that is, each sheet contains all the
numbers from 1 to 2022). Then Bob turns some of the sheets upside down (he can also turn none
of the sheets, or turn them all over at once). Bob wins if all numbers from 1 to 2022 are written
on the top sides of all sheets. What is the minimum k& for which Bob is guaranteed to win?

2. Anuca u Bo6 urpator B urpy. Ha crose mexar k aucros 6ymaru. Cragana Anmca mumeT Ha Kazxk-
JIOM JiCTe HAOOp Kakux-1o quces or 1 1o 2077 (Ha pasHbIX JIMCTAX YUCJIA MOIYT HOBTOPATHCH;
Takzke AJrca MOXKET He HAIMCATH HU OJJHOIO YUC/Ia HA KAKOM-TO JIMCTKE WJIM HAIMCATh CPa3y BCe
ancsa). 3aTeM AJtica mutieT Ha 0OpATHOl CTOPOHe KaKI0r0 JINCTa BCe OCTABIITHECsT YHCIa oT 1 J10
2077 (T.e. HA KazKJIOM JILCTE 3alUCAHBI Bee qucya oT 1 10 2077). 3arem Bob nepeBopaunBaer HEKO-
TOpBIE JIUCTBI JIPYTOil CTOPOHOHN BBEPX (OH TAKyKe MOXKET He IePEeBepHYTh HU OJHOTO JIHCTA WITH
1iepe- BEpHYTh cpa3y Bce). Bob BbIUIPbIBAET, €C/IM HA BEPXHUX CTOPOHAX BCEX JIMCTOB Oy/IyT 3aliu-
caubl Bce unca ot 1 10 2077. IIpu kakom Hanmenbiem k Bob rapanTupoBaHHO CMOYXKET BBIUTPATD !

Alice and Bob are playing a game. There are k sheets of paper on the table. First, Alice writes on
each sheet a set of some numbers from 1 to 2077 (numbers can be repeated on different sheets;
Alice can also leave an empty sheet or write all the numbers at once). Then Alice writes on the
back of each sheet all the remaining numbers from 1 to 2077 (that is, each sheet contains all the
numbers from 1 to 2077). Then Bob turns some of the sheets upside down (he can also turn none
of the sheets, or turn them all over at once). Bob wins if all numbers from 1 to 2077 are written
on the top sides of all sheets. What is the minimum k for which Bob is guaranteed to win?



3. Aunuca u Bo6 urpator B urpy. Ha crose mexar k aucros 6ymaru. Cragana Anmca mumeT Ha Kazxk-
JIOM JiucTe Habop Kakux-1o guces or 1 1o 1005 (Ha pasHbIX JIMCTAX YUCJIA MOIYT HOBTOPATHCS;
Takzke AJirca MOXKeT He HAIMCATH HU OJJHOI'O YUC/Ia HA KAKOM-TO JIMCTKE WJIM HAINCATH CPa3y BCe
ancsa). 3aTeM AJtica muteT Ha 0OPaTHOl CTOPOHe KayKI0r0 JINCTa BCe OCTABIITHECs YHCIa oT 1 J10
1005 (T.e. HA KazKIOM JIHCTE 3aHCAHBI Bee uncaa or 1 1o 1005). 3arem Bob mepeBopadnBaer HEKO-
TOpBIE JIUCTBI JPYTOil CTOPOHON BBEPX (OH TaKzKe MOXKET He IePEeBepHYTh HU OJHOTO JIHCTA WITH
1iepe- BEpHYTh cpa3y Bce). Bob BblUIpbIBaeT, €C/iM HA BEPXHUX CTOPOHAX BCEX JIMCTOB Oy/IyT 3aliu-
caubl Bce uncsa ot 1 1o 1005. ITpu kakom nanmenbiiem k Bob rapanTupoBaHHO CMOYXKET BBIUTPATH !

Alice and Bob are playing a game. There are k sheets of paper on the table. First, Alice writes on
each sheet a set of some numbers from 1 to 1005 (numbers can be repeated on different sheets;
Alice can also leave an empty sheet or write all the numbers at once). Then Alice writes on the
back of each sheet all the remaining numbers from 1 to 1005 (that is, each sheet contains all the
numbers from 1 to 1005). Then Bob turns some of the sheets upside down (he can also turn none
of the sheets, or turn them all over at once). Bob wins if all numbers from 1 to 1005 are written
on the top sides of all sheets. What is the minimum k for which Bob is guaranteed to win?

4. Anuca u Bo6 urpator B urpy. Ha crosie siexkar k mucros 6ymaru. Cuadana Ajmca nunier Ha Kaxk-
JIOM JircTe Habop Kakux-To unces or 1 mo 5000 (Ha pasHBIX JHCTAX YUCIa MOIYT ITOBTODPSTHCS;
Takzke AJirca MOYKeT He HAIMCATH HU OJHOTO YMC/Ia HA KAKOM-TO JINCTKE WJIM HAINCATH CPa3y BCe
ancsa). 3aTeM Astrca muier Ha 0OpaTHOl CTOPOHe KazKJI0r0 JILCTA BCe OCTABIIHECS YHCIa OT 1 J10
5000 (T.e. HA KazKJOM JILCTE 3amucanbl Bee qucaa ot 1 1o 5000). 3arem Bob nepeBopaunBaeT HEKO-
TOPBIE JIMCTHL JPYIOii CTOPOHOI BBEPX (OH TAKzKe MOXKET HE II€PEBEPHYTh HU OJHOIO JIMCTA WU
epe- BepHyTh cpa3y Bce). Bob BeIUTPBIBAET, ecii Ha BEPXHUX CTOPOHAX BCEX JIMCTOB OY/IyT 3alu-
caubl Bce unca ot 1 1o 5000. [Tpu kakom Hanmenbiem k Bob rapanTupoBaHHO CMOYKET BBIUTPATH !

Alice and Bob are playing a game. There are k sheets of paper on the table. First, Alice writes on
each sheet a set of some numbers from 1 to 5000 (numbers can be repeated on different sheets;
Alice can also leave an empty sheet or write all the numbers at once). Then Alice writes on the
back of each sheet all the remaining numbers from 1 to 5000 (that is, each sheet contains all the
numbers from 1 to 5000). Then Bob turns some of the sheets upside down (he can also turn none
of the sheets, or turn them all over at once). Bob wins if all numbers from 1 to 5000 are written
on the top sides of all sheets. What is the minimum k for which Bob is guaranteed to win?



Task 3.

1. Ha maxwmarHoii j1ocke 6 X 6 paccraB/ieHBI JaJbH TaK, YTO OHH OBIOT BCe YepHble KiIeTKH. Kakoe
HanOOJIbIIIee BO3MOKHOE KOJINYECTBO HEOOUTHIX OeJIbIX KJIeTOK MOYKET ObITh!

Some chess rooks are placed on a 6 x 6 board so that they beat all the black cells. What is the
largest possible number of unbeaten white cells?

2. Ha mraxmarHoit mocke 8 X 8 paccraBjeHbl JIaJbU TaK, 9TO OHW ObIOT Bce YepHbie KiaeTKu. Kakoe
HanOoJIbIIIee BO3MOKHOE KOJINYECTBO HEOOUTHIX OeJIbIX KJIETOK MOYKET OBbITh!

Some chess rooks are placed on a 8 x 8 board so that they beat all the black cells. What is the
largest possible number of unbeaten white cells?

3. Ha maxmarnoii mocke 10 x 10 paccTaBjeHbl Ja/Ibl TaK, 9TO OHU OBIOT BCe YepHbie KaeTKu. Kakoe
HanOoJIbIIee BO3MOKHOE KOJINYECTBO HEIOOUTHIX OeJIbIX KJIETOK MOYKET OBbITh?

Some chess rooks are placed on a 10 x 10 board so that they beat all the black cells. What is the
largest possible number of unbeaten white cells?



4. Ha maxmarHoit mocke 12 X 12 paccraBieHbBI JTaIbK TaK, YTO OHU OBIOT BCE YepHbIE KJIeTKu. Kakoe
HarOOJIbIIIEee BO3MOKHOE KOJIHMIECTBO HEIMOOUTHIX OEJIBIX KJIETOK MOYXKET OBITH?

Some chess rooks are placed on a 12 x 12 board so that they beat all the black cells. What is the
largest possible number of unbeaten white cells?

Task 4.

1. Hana xosioma u3 11 xapt. Paspernraercs TacoBaTh KOJIOLY CJAEAYIONIMMA CIIOCOOAMM.
1) Cuarb J11060€ KOJTUIECTBO KAPT ¢ BepXa KOJIOJBI M HEe MeHssl UX MOPsJIKA MOJOXKHUTH MO/ HU3
KOJIOJTBI.
2) Cugarb 5 KapT ¢ Bepxa KOJOIbI W He MEHSs WX MOPSAIKA MOJTOKUTH B MPOMEKYTKH MEKIY
ocTaBmuMucs 6 KapTamu.
Kakoe ko/im4ecTBO pa3nvdHbIX MOJIOKEHUIT KapT B KOJIOJI€ MOYKHO IOJIYYUTh, BBITIOJIHSS ITU Ta-
COBKM?!

A deck of 11 cards is given. It is allowed to shuffle the deck in the following ways.

1) Remove any number of cards from the top of the deck and put them under the bottom of the
deck without changing their order.

2) Remove 5 cards from the top of the deck and put them in the gaps between the remaining 6
cards without changing their order.

How many different positions of cards in the deck can be obtained by performing these shuffles?



2. Jlana xonoma u3 13 kapt. Pa3perraercs TacoBaTh KOJIOLY CJAEAYIOINIIMU CIIOCOOAMHU.
1) CusTb J11000€ KOJMYECTBO KAPT C BepXa KOJIOJAbl M HE MEHHS UX MOPIKa HOJOXKUThL 110/ HU3
KOJIOJTHI.
2) Cusath 6 KapT ¢ Bepxa KOJOJBI W He MEHsisl UX TOPSJKa MOJOXKHUTHh B MPOMEKYTKH MEKIY
OCTABITUMUCS 7 KapTaMH.
Kakoe Kom4aecTBO pa3IndHBIX MOJOKEHUH KapT B KOO MOXKHO TOJIYIUTH, BBITTOTHAT 3TH Ta-
cOBKH?

A deck of 13 cards is given. It is allowed to shuffle the deck in the following ways.

1) Remove any number of cards from the top of the deck and put them under the bottom of the
deck without changing their order.

2) Remove 6 cards from the top of the deck and put them in the gaps between the remaining 7
cards without changing their order.

How many different positions of cards in the deck can be obtained by performing these shuffles?

3. /lama xosnona u3 15 kapt. Pa3perraercsa TacoBaTh KOJIOLY CJIEAYIONIIMU CIIOCOOAMHU.
1) Cuarp 11060€ KOJIUIECTBO KAPT C BepXa KOJOIBI M HE MEHs s WX MOPS/IKA MOJOKUTH MO HU3
KOJIOBI.
2) Cusarh 7 KapT ¢ Bepxa KOJIOJBl M He MEHsisl UX MOPs/Ka MOJOKHTHh B IPOMEKYTKH MEXKLY
OCTaBIUMUCS 8 KapTaMHu.
Kakoe KommiecTBO pa3IndHBIX MOJOKEHHH KapT B KOJIO/Ie MOXKHO TOJIYIUTH, BBITIOTHAA 3TH Ta-
COBKH?!

A deck of 15 cards is given. It is allowed to shuffle the deck in the following ways.

1) Remove any number of cards from the top of the deck and put them under the bottom of the
deck without changing their order.

2) Remove 7 cards from the top of the deck and put them in the gaps between the remaining 8
cards without changing their order.

How many different positions of cards in the deck can be obtained by performing these shuffles?

4. Jlana xomoma u3 17 kapt. Pa3zpentaercst TacoBaTh KOJIOMLY CJIEAYIONIMMHI CIIOCODAMMU.
1) Cuarb J11060€ KOJTUYIECTBO KAPT ¢ BepXa KOJIOJbI M He MeHssl X MOPsJIKA MOJOXKHUTH MO/ HU3
KOJIOJTBI.
2) CHgarb 8 KapT ¢ Bepxa KOJIOJbl M He MEHsid UX IOPSJIKA [OJOXKUTh B IIPOMEXKYTKH MEZKLy
oCTaBIMUMUCS 9 KapTaMu.
Kakoe ko/im4ecTBO pa3udHbIX MOJIOKEHUIT KapT B KOJIOJI€ MOYKHO IOJIYYUTh, BBITIOJIHSS ITU Ta-
coBku?

A deck of 17 cards is given. It is allowed to shuffle the deck in the following ways.
1) Remove any number of cards from the top of the deck and put them under the bottom of the
deck without changing their order.



2) Remove 8 cards from the top of the deck and put them in the gaps between the remaining 9
cards without changing their order.
How many different positions of cards in the deck can be obtained by performing these shuffles?

Task 5.

1. Myxa cea Ha BepXHIOI KPOMKY MIIHHIPAICCKON KpyKKu (6e3 pydKH) U MOMOJI3/Ia M0 €€ Ha-
PY?KHO CTEHKe BHH3 I0J YIJIOM K BepTHKa/ M U ropu3oHTa n. OKa3aj0Ch, 9TO BECh CBOil MyTh
JI0 CTOJIA MyXa MepeMeInaach ¢ MOCTOSHHBIMI BEPTUKAIBHON M YIJIOBOil cKOpocTsiMu (yruioBast
CKOPOCTH B JIAHHO CUTYyaIlu U3MePSeTCsI B OPTONOHAJIBHON MTPOEKIINN Ha TOBEPXHOCTH CTOJIA OT-
HOCHUTEJIBHO MEHTPa MPOEKINH KPYKKH). TakzKe 0KAa3aa0Ch, YTO MyXa COBEPIINNJIA JiBa IOJHBIX
000pOTa BOKPYT KPYZKKH M KOCHYJIACh MOBEPXHOCTU CTOJA B TOYHOCTH TOJ TOYKOMH, U3 KOTOPOIi
cBoit nyTh Haudaja. Harypasucr Kojis 3amnTepecoBasicss TpaeKkTopueil nepemMeniennss MyxXu U Ha-
KJIEHJT TTOJIOCY JIMIKOM JIEHTHI MUPUHBI 2¢M TMOBEPX MYyTH MYXH TaK, YTO CepPeInHa TOJOCH UJIET B
TOYHOCTH TI0 3TOMY My TH, 00pe3aB 3Ty MOJIOCY BIOJIb BEPXHEr0 U HUKHET0 KpaéB KpyxKKu. Ompe-
JIeJTATE TLIONIA/h HAKJIEEHHOIO KYCKa, JINTKOfi JIEHTHI, €CJIN BHICOTA KPYZKKHU 7CM, & PATHYC 4/ cMm.

A fly landed on the upper edge of a cylindrical mug (without a handle) and crawled down its
outer wall at an angle to the vertical and horizontal. It turned out that the fly moved all the way
to the table with constant vertical and angular velocities (the angular velocity in this situation
is measured in an orthogonal projection on the surface of the table relative to the center of the
projection of the mug). It also turned out that the fly made two full turns around the mug
and touched the surface of the table exactly under the point from which it started its journey.
Naturalist Kolya became interested in the trajectory of the fly and pasted a strip of sticky tape
width 2 ¢m on top of the fly path so that the middle of the strip goes exactly along this path,
cutting this strip along the upper and lower edges of the circle. Determine the area of the glued
piece of sticky tape if the height of the circle is 7 ¢m, and the radius is 4/7 c¢m.

2. Myxa cejia Ha BEPXHIO KPOMKY IMJIMHIAPHYECKONH KPYzKKH (6e3 PYdYKH) W TOMoJ3/Ia Mo eé Ha-
PY2KHOII CTEHKe BHH3 IIOJI YIJIOM K BepTHUKa/JIH U ropu3oHTa . OKa3ajaoch, YTO BeCh CBOI MyTb
JI0 CTOJIA MyXa MepeMeInaiach ¢ MOCTOSHHBIMU BEPTUKATBHON W YIJIOBOil cKOpocTsiMu (yrioBast
CKOPOCTH B JIAHHOU CUTyaInuu U3MepaeTcd B OPTOrOHAJIBHON IMTPOEKIUY HA TOBEPXHOCTH CTOJIA OT-
HOCHTEJIBHO MEHTPa HPOEKINH KPYKKH). TakzKe 0Ka3aaoCh, 4TO MyXa COBEDIINJIA JiBa ITOJHBIX
000poTa BOKPYT KPYZKKH U KOCHYJIACh MOBEPXHOCTHU CTOJIA B TOYHOCTHU IOJ, TOYKO, U3 KOTOPOi
cBoil myTh Hadasa. Harypanucr Kosg 3amaTepecoBasicss TpaeKTopHeil mepeMenieHns MyXu U Ha-
KJIEWJT TIOJIOCY JIUTIKOM JIEHTHI TMUPUHBI 3CM TMOBEPX YT MYXH TaK, 9YTO CEpeIMHA MOJOCH UIET B



TOYHOCTH 110 TOMY IIyTH, 00PE3aB 3Ty HOJIOCY BJOJIb BEPXHEIO U HUKHEr0 KpaéB KpyzKKu. Oupe-
JIeJIUTE ILJIOIIA/ (b HAK/JIEEHHOIO KYCKA JIMIIKOM JIEHTbI, €CJIU BBICOTA KPYXKKH 8CM, & PAJAUYC /T cM.

A fly landed on the upper edge of a cylindrical mug (without a handle) and crawled down its
outer wall at an angle to the vertical and horizontal. It turned out that the fly moved all the way
to the table with constant vertical and angular velocities (the angular velocity in this situation
is measured in an orthogonal projection on the surface of the table relative to the center of the
projection of the mug). It also turned out that the fly made two full turns around the mug
and touched the surface of the table exactly under the point from which it started its journey.
Naturalist Kolya became interested in the trajectory of the fly and pasted a strip of sticky tape
width 3 ¢m on top of the fly path so that the middle of the strip goes exactly along this path,
cutting this strip along the upper and lower edges of the circle. Determine the area of the glued
piece of sticky tape if the height of the circle is 8 ¢m, and the radius is 5/7 cm.

. Myxa cesa Ha BEpXHIOI KPOMKY MIJIHHIPHIECKONl KpyKKu (6e3 pydKH)  TOMOJI3/Ia 1Mo €€ Ha-
PY2KHOI CTEHKe BHH3 10/ YIVIOM K BepTuKa/ju u ropu3oHTaau. OKa3ajoCh, 9TO BECh CBOil MyTh
JI0 CTOJIA MyXa MepeMeInaiach ¢ MOCTOSHHBIMU BEPTUKAIBHON M YIJIOBOil cKOpocTsiMu (yruioBast
CKOPOCTH B JIAHHO CUTYyallu U3MepPSeTCcsl B OPTOrOHAJIBHON MTPOEKIINT Ha TOBEPXHOCTH CTOJIA OT-
HOCHUTEJIBHO MEHTPa MPOEKINH KPYKKH). TakzKe 0Ka3aa0Ch, 4TO MyXa COBEpINUJIA JiBa IOJHBIX
000poTa BOKPYT KPY:KKH U KOCHYJIACh MOBEPXHOCTHU CTOJIA B TOYHOCTHU IO, TOUYKOI, U3 KOTOPOi
cBoit nyTh Haudaja. Harypasucr Ko 3aunTepecoBasicsi TpaeKkTopueil nepemMeniennss Myxu 1 Ha-
KJIEHJT TIOJIOCY JIMIKOM JIEHTHI TMUPUHBI 4cMm TTOBEPX MYyTH MYXH TaK, YTO CepPeInHA TOJOCH UJIET B
TOYHOCTH TI0 3TOMY IyTH, 00pe3aB 3Ty MOJIOCY BJOJb BEPXHEr0 U HUKHET0 KPaéB KpyxKKu. Onpe-
JIeJTATE TLIONIA/h HAKJIEEeHHOIO KYCKa, JINIKOfi JIEHTHI, €CJIH BHICOTA KPYZKKH HCM, & PATHYC 2/ cM.

A fly landed on the upper edge of a cylindrical mug (without a handle) and crawled down its
outer wall at an angle to the vertical and horizontal. It turned out that the fly moved all the way
to the table with constant vertical and angular velocities (the angular velocity in this situation
is measured in an orthogonal projection on the surface of the table relative to the center of the
projection of the mug). It also turned out that the fly made two full turns around the mug
and touched the surface of the table exactly under the point from which it started its journey.
Naturalist Kolya became interested in the trajectory of the fly and pasted a strip of sticky tape
width 2 ¢m on top of the fly path so that the middle of the strip goes exactly along this path,
cutting this strip along the upper and lower edges of the circle. Determine the area of the glued
piece of sticky tape if the height of the circle is 5 ¢m, and the radius is 2/7 c¢m.

. Myxa cejia Ha BEPXHIOIO KPOMKY HUJINHIPHYIECKON KPYKKH (6e3 PyUKH) W MOMOJI3JIa 10 €€ Ha-
PY2KHOIl CTEHKe BHH3 IIOJI YIJIOM K BepTHUKa/JIH U ropu3oHTa . OKa3ajaochb, YTO BECh CBOM MyTb
JI0 CTOJIA MyXa MepeMeInaiach ¢ MOCTOSHHBIMU BEPTUKATBHON W YIJIOBOil cKOpocTsiMu (yrioBast
CKOPOCTH B JIAHHO# CUTYyaIllu U3MepseTcss B OPTOTOHAIBHON MTPOEKITNT HA MTOBEPXHOCTH CTOJA OT-
HOCHTEJIBHO MEHTPa HPOEKINH KPYKKH). TakzKe 0Ka3aJoCh, 4TO MyXa COBEDIINJIA JBa ITOJHBIX
000poTa BOKPYT KPYZKKH U KOCHYJIACh MOBEPXHOCTHU CTOJIA B TOYHOCTH IOJ, TOYKOW, U3 KOTOPO
cBoil myTh Hadasa. Hatypanucer Kosst 3amAaTepecoBasicss TpaeKTopueil mepeMeniennss MyXu 1 Ha-
KJIEHT TIOJTOCY JIMIKO#M JIEHTHI IMUPUHBLI 3cM MOBEPX MYyTH MYXH TaK, YTO CepeInHa MOJOCH UIET B
TOYHOCTH TI0 3TOMY IIYTH, 00pe3aB 3Ty MOJOCY BIOJIb BEPXHEr0 U HUKHEro KpaéB KpyxKKu. Ompe-
JIeJIUTE IJI0IIA/ (b HAK/JIEEHHOIO KYCKA JIMIIKOH JIEHTbI, €CJIU BBICOTA KPYXKKH TCM, & PAJAUYC 3/T CM.

A fly landed on the upper edge of a cylindrical mug (without a handle) and crawled down its
outer wall at an angle to the vertical and horizontal. It turned out that the fly moved all the way
to the table with constant vertical and angular velocities (the angular velocity in this situation



is measured in an orthogonal projection on the surface of the table relative to the center of the
projection of the mug). It also turned out that the fly made two full turns around the mug
and touched the surface of the table exactly under the point from which it started its journey.
Naturalist Kolya became interested in the trajectory of the fly and pasted a strip of sticky tape
width 3 ¢m on top of the fly path so that the middle of the strip goes exactly along this path,
cutting this strip along the upper and lower edges of the circle. Determine the area of the glued
piece of sticky tape if the height of the circle is 7 ¢m, and the radius is 3/7 ¢m.



Task 6.

1. @yukuug f HA3BIBAETCS MEPUOAMIECKON, €CIIH OHA IPUHAMAET XOTs Obl IBA PA3JIUIHBIX 3HAUCHHUSI,
n Haiigercsa Takoe p > 0, uro f(z + p) = f(x) mag aodoro x. Ilpu 3ToM KaxKI0€ TaKOe THCIO P
HA3bIBAETCs 1epuogoM (pyHKuu f.

CymiecTByIoT Jin Takue nepuojundeckue GpyHkiuu g u h ¢ nepuojgamu 1 u T COOTBETCTBEHHO, UTO
g + h — Toxe nepuonmaeckasi PYHKITHS!

A function f is called periodic if it takes at least two different values and there exists p > 0 such
that f(x + p) = f(x) for any z. Each of the numbers p are called periods of the function f.

Is it possible to construct functions g u h with periods 1 and 7 respectively such that g+ h is also
a periodic function?

2. @Oyuknus [ HA3BIBAETCS MEPUOJIMIECKON, €CJIN OHA TPUHUMAET XOTsI ObI J1Ba PA3TUIHBIX 3HAUEHUSI,
u Haiigercsa Takoe p > 0, uro f(x + p) = f(x) mag awob6oro z. Ilpu 5T0M KaxkKI0e TAKOe YUCIO P
HA3BIBAETCA MEepuoioM GYHKIHUU f.

CymiecTBYIOT Jiu Takue nepuojndeckne GyHKIUU ¢ U h ¢ MepuojamMu 3 U T COOTBETCTBEHHO, UTO
g — h — ToxKe mepuogmIeckass HyHKINAA!

A function f is called periodic if it takes at least two different values and there exists p > 0 such
that f(xz + p) = f(z) for any x. Each of the numbers p are called periods of the function f.

Is it possible to construct functions g u h with periods 3 and 7 respectively such that g — A is also
a periodic function?

3. Oyuknus [ HA3BIBAETCS MEPUOJAMIECKON, €C/IM OHA TPUHUMAET XOTs Obl J[Ba PA3IUIHBIX 3HAYCHUSI,
u Haiigercs Takoe p > 0, uro f(x + p) = f(x) masa awoboro z. Ilpn sT0M KaxKI0e TaKoe YUCI0 P
HA3bIBAETCS TeproaoM (pyHKIHu f.



CyuiecTByior Jin Takue nepuojudeckue GyHkuuu g u h ¢ nepuojamu 2 u 7/2 COOTBETCTBEHHO,
910 g + h — ToXKe nepuogmIeckas QpyHKIus?

A function f is called periodic if it takes at least two different values and there exists p > 0 such
that f(xz + p) = f(z) for any x. Each of the numbers p are called periods of the function f.

Is it possible to construct functions g u h with periods 2 and /2 respectively such that g + h is
also a periodic function?

. Oyuknus f HA3BIBAETCS MEPUOIMIECKON, €CJIU OHA TPUHUMAET XOTS OBl JIBA PA3JIUIHBIX 3HATEHUSI,
u Haiigercs Takoe p > 0, uro f(x 4+ p) = f(x) masg awoboro z. Ilpn 5T0M KaxkKI0e TaKoe YUCI0 P
HA3bIBAETCA MEePUoioM YHKIHUU f.

CymiecTBYIOT 1 Takue nepuogndeckue GYHKIUE ¢ U h ¢ TepuogaMu 6 U 27 COOTBETCTBEHHO, YTO
g — h — ToxKe mepuogmieckas (pyHKINAA?

A function f is called periodic if it takes at least two different values and there exists p > 0 such
that f(xz + p) = f(z) for any x. Each of the numbers p are called periods of the function f.

Is it possible to construct functions g u h with periods 6 and 27 respectively such that g — h is
also a periodic function?



