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tIbIX 14 TEXHI{qCCKI4X

B pesymrare
TCHIII'MI4:

I-{erruu clc

1. UEJrr4 OCBOEHTTfl I.IdCJ\r4rrJIAHbr
Hlrfl I.PT9JJJdTI JTI,IHbI (uoaym) < M eroArr orrrt4 Mr{3 arl !r!n> flB rrflrorcr o3H ar(oM Jr e -

Hr{e cTyAeHToB, no HarrpaBJreHr.rrc <llpuxna4uaf, MareMarurKa kr rau$opvrarnKa), c

MeTOAaMLT, HaKOIIJI rrbMrr n erofi TeopHr4. flocleAuee o3Haqaer, qro cryAeHTbr rro oKoHqaHr4r4

Kypca AonxHbr HaBbrKaMu rro peureHr.rrc [pr.rKnanrrbrx gKcTp eM aJrbHblx 3 a,r(arr,

Orurofi us srx ooo6ennocrefi coBpeMeHHoft suoxu flBrflercfl. Bce Bo3pacrarorlee
BHUMAHI,IE K aM yrrpaBJreHurfl.. Karc nzror4a rrpe)KAe, oqyuaerca norpe6uocrb B nnoAo-
TBOpHOM r{ BXIOM I'ICnOJIL3OBaHI,IU npLIpOAHbIX oO|aTCTB, JII0ASKI4X pecypcoB, MaTepI4anb-

cpeAcrB. Ha uareuarrrecKoM r3brKe raKr,re 3a,\aqn Moryl 6r,nr cQopMyJrrpo-
BAHbI KAK 3ANAI''LI r4r oKcrpeMyMa HeKoropofi $ynrc\uLr uJt:.vr SynxqzoHzula. B pe3ynbrare
pa6or MHofr{x

HbIX 3aAarl.

aTI,IKOB rro r4X peilreHl4ro cTaJro Bo3Mox(HbrM roBopr4Tb o Teopr{H gKcTpeManb-

3aAa.rr,r Arrc11 JII{HbI:

bIX [pr{eMoB r.r MeToAoB perrreHr{fl orrTr4Mr43arlr{oHHbrx 3aIlal{;- I'I3TIEHIIE

@opuuponauze B rro crpoeHl,Ig oIITr,rMI{3aIIrroHHbrx uo4e.uefi , H au6olee n o JIH o orB erra-

rorIHX rpe6onau gM rlo craB JreHHofi 3 an:gqn;

I'I3YIIEHNE CII peaJrr{3arlarl MeroIoB orrrr,rMr43arlLrur B BLrAe nporpaMM ans: 3BM;
- npuo6pereHlle H{nrtxon rlJlaHrrpoBaHr4r gKcnepr4MeHToB u o6pa6orrr4 r4x pe3yJrbraroB.

2. MECTO Ar,rCqII[JrIrHbI B CTpyKTy.pE OIIOII BO
[anuas.,4IacqiarrnraHa orHocl4rcq x 6a3osofi.racrfi OIIOI. Vl,zyueuue AauHofi Alrcrlr4nnr{-

HbI rlpoxoAur e 5-Na Qenrecrpe n 6a:upyercfl, Ha 3H&Hr4.rrx; nprao6perdHHbrx cryAeHTaMr{ B paMKax

KypcoB MareMarHqepxoro aHaJrr43a, affe6pu u reoMerprzu, 4uo$epeHrlr,rulnbHr,x ypaeHeuzft,
qr,rcJreHHbrx MeToAoB z Ap.

[aHnrrfi rcypQ o6ecuell]IBaer 4anruefiuree u3yqeHr,re .qlrcqurrJrr4u <MarenaaruqecKoe Mo-

AeJII{poBaHI{e), (Tegplrfl trfp I,I t4ccJreAoBaHr{e onepaUdfi>> lr flBrrfle"tcs 6asosl,rM Ar.s ra3yrreH[fl
cneIII4 anbHbx .4r{crII4[nLI H.

3. KOM HUI4II Ot;yrIArO IUEIO Cfl , (D OpMnpyEMbIE B p E3 yJIb TATE
o c [f o EHvrfl , I.vrcw4rrJrrrHhr (MOAyJr fl )

Hf, ArrcqrrnJrr4Hbr o6ylarorquftcg AolNeH oBnaAe cnelyroqr4Mr4 KoMne-

cl]ocooHocTE, I{C earr 6agoebre 3HaHr,rrr ecrecrBeHHbx HayK, MareMaruKz ra uH$opMail4KLr,
OCHOBHbIE KoHIIeIIII4I4, TIpIzHIITIIIbI reopufi, cBr3aHHbx c rrpr4KJraAHopi wlareuaruxofr. u u:u-

Sopnrarzxoft ( - 1).

cnoco6Hocrr,

par (lIK-2).
coBeplrreHcrBoBarb r.r npr,rMeHrrb coBpeMennrrfr MareMarlrqecrufi anna-

B pe:ynr ocBoeHl4f, Alrcrlr4nnr{Hbr cryAeHT AOnX(eH AeMOHCTpT{pOB arb OCBOeHT{e

qvft no AecKpI4rITopaM (3HaH:z:fl., yMenLrfl, Blra4enlttu), B coorBercrBr4r4YKA3AHHbIX I(OMN

C TEMATI,IqECIKUM MOAyI-'IMI,I ALICIII4III,IHbI, IIpI,IMeHfl Tb [OIyr{f)HHbIe 3HaHVIfl. B IIOCneAyIO-

TIIEM OOVqE}ILIIT LI npo $eccuouaalHofi Ae-rrreJrbHocrrr l



1)

2)

ar (lIIt-2); coBpeMeHHbre fl:tbrr(r4 rrpoupaM-

Hbre cr4creMbr, gJIeKTpoI{Hbre 1uSrmo texu u
K_1).

eruuoft nesrerrHocrlr) a rau(e B corlfianb-
Hofi cSepe ripo$eccuoHaJlbHble HaBbIKI4 pa6oru c rznQopruarlrroHHbrMr,r rr KoMrrbrorep-

HIIMI4 rexgolfonarrvru (OllK-1); npzrr.reHrrb ruzporuft cnenrp MeroAoB pa3nr.rr{Hbrx o6na-

crefi uayru finr paspa6orKLl I4 peiull43aurzn vMr4rar\troHHbrx rrro4elefi (OIIK-l, IIK-2);
npuo6perarb IIoBbIe HayqHble n npo$eccproHaJrbHbre sHaHLts., r4cnonb3yr: coBpeMeHHbre

o6pasonaren$nue ra ran(foprr,ralllzoHHbre rexHoJrorrrz (OIIK-1); paspadmbrBarb MareMa-

TI,IqecKI4e irlofelu 4nr rpe6yeMhlx B I{M}rrarlr{oHHbrx Moleffx pacueron (0|IK-1, IIK-2);
rIpI4MeH.,{Trb n upo(peccrzonarsHofi AetrenbHocrlr coBpeMeHrrbre .s3brKrr nporpaMMr4poBa-

creMbr, gneKTpoHurre 6u6lzc'TeKI,I I4 flaKerbr

-2).

M KoMrrbroreporu KaK cpeAcrnoru o6pa6orxz
u auatmzl zri0oRr"rauuu (OIIK-1, IIK-2); coBpeMeHHbrMr.r fl3brKaMr{ rrporpaMMr4poBaHr4fl

Arla p eaJrrr3 a\uu uwuraqrroHHbrx vo4elefi (OIIK- 1, IIK-2).

?\

4.

O6rqa-r rpy,
l lTyP A I,I C OAEP XAHI,IE AI,I C qUIJII,IHbI (M OlryJlfl )

:s At4crlr4nnr{Hbr cocraBJrfler 4 saqerHbx eAHHr4rL I44 \ac.

J\lb

nht
PasAer (rervra)
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c oAE P )I{AHI4 E AI4 C UI,Iil JII4H bI

nEKrlr4r4
flocranoeKa3a4a-t;a orrrr,rMr,r3arluu. KraccuQur<aqraa 3aras;. MareMarr4qe-

cKoro nporpaMMrl ux (2 uaca).

Jlercquq 2. Mer:ofiu

xacaremnrx (4. )"

Jlercqr.rq 5. Mer:ojuu
qaHa 6esycnonn4rfi

Jler<qus 6. MeroEu
rpaHxa (4 uaca).

Jlercuus 7,3arc1u
(4 uaea).

- J[rr{HocTHo Oque

Mr.rHr.rMr.B arllru SyHnqufi o4lrofi nepeueHuoft .

M r{Hr.rM}r3arlun (pyurqrzfi olHoft uepeiueHuofi .

.MeroA rroM&HrrX (4 uaca).

f3rnyrmre (f ynrqura. MeroA

M r{Hr{Mr,r3 aurara $ynrqufi o,quoft [epeM eHH oft . ]ftraccra.recrufi rrleroA. Me-
ro ceqeHrr (4.raca).

Jlerurlq 8. rlzcne MeroAbr Mr.rHr,rMr,r3 arlura $ynrqufi ltrorux n epeMeHHbrx. I\4 eroA c try uait-
Horo noucKa.fp4a FrrHbre Mero,4br. MeroA HrrcroHa (4.racos).

Jlexuus 9.9u Mero.qbr Mr{HrrMr43aquz Qyurcuuft uHorux [epeMeHHbx. MeroA noKoop-

AT4HaTHOTO CnyOKa. MHoxurerrefi Jlarpauxa. MetoA urrpa(funx $yuxqrafi (4 wca).
Jlerqns 10.3e
uaca).

Kr{e MeroAbr. feneru.recKLre anfoprrrMbr. Mypanrunwfi, unropvrctt (2

5. OIJPA3OBATEJIbHbIE TEXHOJIOIZLI
14fl il IrAHLrpyeM brx p e3ynbTaToB o cB o eH r.rr Ar4 crlu nnr4Hbr lr c[ 0 rb3yroTct

cnelyrorq[e o6paso

- zuSopnraqzoHs

- pa3Br4Barour4o HO-OpUeHTr.ipOBaHHbre TeXHOJTOTUU ;

[trs

M IdHr4Mr.r3 arlnra (f yurqufi lrHorzx [epeMeHHbrx. IIo crauonr a 3aIla'qn, 3 ala-

MeroA MHo)rfl.rren efi. IIa-
yna. Knaccz.recrzft MeroA (4 uaca),

M r{HlrMr43 arlura (pyurqufi lrnorrax nepeMeHHbrx.

tsrmyrroro [porpaMMrrpoBaHr4s. CeAlona.a roqma. Teopeuu KyHa-Taxrepa

bHbIC TEXHONOTIH:

pa3BI4BaIOUI4 e TeXHOJTO f r'1 r4 ;

TOIbr Ar,rxoToMtrr4,

Jlercnuq 3. Mero

bIE 3AIIflTVI'T
aqrau Syuxqnfi oAuofi nepeMerrHofi. MeroA Az-

aquu $yHxrlnfi oAuofi nepeMsHHofi, Merol lo-
MaHbrx (2uaca),

Jla6oparopuan pa6pta l\b3. Me'loArr Mr.IHI4MI,r3arIura Syuxqrafi oAHofi nepeMe.HHofi. Merol ra-
careJrbHbrx (2uaCa).

aquu Synr<qnft nrHorzx nepeMeHurx. fpa4z-

br MLr H r{Mr.r ga\ulr Q'rlrruuft M H o f HX n ep eM eH -

br Mr4HrrMr4sa\uLr Synr<uvfi MHofr4x ilepeMeH-

poBarlHbre rexHoJrort4u o6yueHzx.



Mero4rr Jlerqur
Jla6oparopnsre

3AHflTLTg.
CPC

Meroa IT T + T

Pa6ora B KoMaHAe +
Case-study f

llpo6nerr,ruoe o6yupnr + +
KoHrexcrnoe o6yu EH + +

O6yueHrze Ha ocFroBe

OIISITA
+ -r T

klugusuayatluoe q6y.
IIEHHE T +

Mex,4ncqunnHHapFoe

o6y.reuue
T + +

Onepexarorqafl carv

crorrerbHaq pa6or
o-

T

B paurax
TeJrbHbx TexHo.[c

Hbre r4 ra6oparop
cTep-Knaccbr; npt

flI

M

^{eHUs. AIICUI{rrnHHbr Bo3Mo]nHo rrpr4MeHeHr4 e IrrupoKo cileKTpa o6pa:ona-
i: lerquouHo-ceMr{HapcKas cncrerraa o6y.renng (tpagurlrroHrrbre JreKur.roH-

> saynun); case-study; Merol npoeKToB; o6y.reuue B MaJrbD( rpyrrlax; Ma-

HeHr4e Mynbrr4MeAr{a rexHoJrorufi (npoBeAeHrre JreKrlrzoHHr,x zaustuit c

paroprl

p+l

rlpvMeHeHrlev nofvtuftorepHblx flpe3eHTallufi rz 4err,roHcTparluoHHbD( ponr4Kol] c rroMorrlb]o rrpo-
eKTopa urv 3BM); TexHoJIorIrt pa3B MbrrrrJreHrrr; uH(ropuaUr4oHHo-
KoMMyHt{KaIII4olFIrIbIe TexHoJIofHI4 (rlpt4M Hbrx TexHololufi .4Jrr MoFrr.rTo-

pr,rHl

IIIEIO KOH]t'pOLg yCmIBAEMOCTI4,

r4 rro prTofAM ocBoEHLIfl I.I.dCrJ.Vr-
OE OEECIIEqEHI,IE CA,MO CTO,fl TEJIb-
bI CTYAEHTOB

I eKyqr{M KoHTponeM
per,rTr.rHf -KoHTp o Jr -

KoHrpo.rrnHhre Borrpocsr rc pefi rrrHr-KoHTpo.rno l\b 1

f 
r.r+r4Mr,r3r4pyromyro no cJr eAoB areJrbHo crb 4nr @ yurcq uvt J (u

'(u) ,: arctg(u).
2. Hafiru vruo4<ecfno lJ* scex rorreK Mr4Hr4MyMa 4"ur Syurquu J(u);

TEKyrrlr4rz xoHrpom
ycneBaeMocrr4 rBJrsercr 4eficrnyrcqaf, B yHr{Bepcr4Tere cr4creMa

1 llocrpozrr, y"+"

aJ.

4.

5



6.

7.

8.

9.

10.

11.

Penrum: l(D I xy'zt (I- x -2y 4z) -+ extr , Lt = (x,y,z) e E3 .

Pemms: J(11) )min, uel.l , (J ={u:@,r)eE2:y-*1=0,,>0}.r)
) extr, u e,(J, II = {u 

: (*,y) e E2 : x' + yn = 0}, raep yr q :aarypanbHble

b u c $ynrcqun J(u):ax2+2bxy+cy2,6yaer BbIrIyIilIa, norHyra?

12. Pemmr: J(14)

qI,ICJIA.

13. lloz raxuk
-)u=\x,y)e L-

14. HaftrH BbrryKnocrr.r (pyHrcrluft: J(u)--sin(x-ry-tz), J(u)'==sin(xt*yt*tt),

u = (x,y,4 e 4t .

15. llpr,re ecrn {rp4r"r ep Kopp eKrHo c (f opnaynuponannofi rrp[KnaArro fi z a4a'ila o IrrI4MI43 allkrr4, e

K KaKOn4y KaCCy 14 TrL]rIIy orHocl4Tc.sHaJrr.rr{r4eM le rraeuee AByx orpaHIa.reuufi. Vxa"salr

c$opnayruf afl 3ailaqa.

16. Hafiru Ll - scex roqeK Mr{HraMyMa (fyHxquu J(u)=sinfaexp(-u')], nu

yHr.rBepca-lduofo lrHoxecrBe U : Rt . flocrpourr Mr,rHzMrr3r{pEorrlue [ooJleAoBareJlblrocrl4

grrfl, J(u), rorQpar cxoAr,rrclr K MHoxecrBy X Lr He cxoAl,Irct,

17. Haftru N,rrlroxecrso U Bcex roqerc MI4I{I4MyMa QyHIc-

r,z\l ^/t/nll, Ha yHHBepcaJrbHoM rMHo)KecrBe U : K'. Ilocrpo-/ zt t'
r4Tb Mr4Hr4Mr,rsr{pForune nooneAoBarerbHocrr.r Ars ,I(u), rcoropafl cxoAldrcfl K MHoxecrBy

U une cxorrtc.s.
Brtsecrr4 yJry Anr BbIrIIrcJIeHI,Ig IroJIolI(eHH.fl TorreK 3oJrororo ce.r'eHvrg, orpffiKa la, bl.

Buscnur; ira {arux orpe3Kax (fynxqur J(u) ri .mercfl yHl4MoAamnoft:

J (u) = au2 + bu + c, J (u) == r@l, J (u) = e',J (u)= cos(il), J (u) = sh(u),

18.

19.

20.

2r.

22.

23.

1,4

tluuJ(u)= 1-foslo 
"*V(-r,' -tn

Buscnurr, pa icar<rax orpe3Kax (pyuxqrax J(u) xntrs'rcs yHl{MoAamnofi:
) , /l IJ(u) = au' + bu + c,J(u) == ,,llul,J(u) = e-" ,J(u) = sin(u), J(u) = ch(u) .

Oqeuurr rpcrpffHHyro JlHnrnuqa L zuts. Oynnuzu J(u)=-ut +2u'+5u-2 na orpe:rce [-

2, 31.

Oqeunrt nbcr!.uuuyto Jlnuuuqa L ttns. (pyutquu J(u)= -2tt3 +6u2 -u+10 na orpesre [-
2, 31.



25. Haftrv rovfy fiaxczuynra $yHxqura ("f (x)-> max ) f (x) = 2x, + 4x, - xl -Zfi npu orpa-

26. Hafiru rouf yrvra rpynrcqr,rrz (f (x) -) max ) f (x) = /r + 4xr+ x,xr--2*i -2xi npu

27. Hafirurorrgy

l*,*qCHI,IflX 
1

l.r, s

28. Haircw roui<y

nttarrr"* {'t-

<7

2x, <I2

+xr 28

t-2xr> 7

r -xz (8'

l(oHrp omnbre Borrpocrr m p efi rr{Hr-KoHTpomo Nb2

MyMa (fyurquu ("f (x) -) max ) f (x) = -t - *3 + x, -rlx, ntpI4 orpaHLI-

14MyMa tfyHxqzu (f(x)-+ max ) f(x) - -2*, +8x, - xi - xi npl4 orpa-

29. Hairru rouky 14MyMa $ynnquu (f (x) -+ max ) f (x) = (r, - 3)" +(xr-4)' upu orpa-

1. Hafiru nce ro$rz bHoro 6esycronnoro Mr4Hr,rMyMa y cneAyrolrlkIx Qyunquft.

1. f(xt,x) 1 6l * xz - l)2 -r xt - 2xz;

2, f(xtlz) - (xt - xz + I)2 + (xt + xz - I)2;

3. f(xt,xz) + 6lt + xz t 2)2.-xt2;

4. f(xt,x) + 6l - 2xz2 1 1)2 + xt;

J. .f(xt,xz) (x/ + xz2 + I)2 + xt2 -x22;

6. f(xt,xz) 1 6f - xrt t 4)2 + xl;
7, f(xt,x) + 612 + 2xz-t l)2 - 4xz2;

B. f(xt,x) - (xt + xz + 3)2 -v1 + 2xzi

10. f(x6z,x) : A, - 2x)t + (xz - 2x)2 + (xs - 4)2;

IL f(xt,xz,xl: A,-2xz)2 + (xz-2xs)2 + (xs-2xt)2 + (xt - l)2;

12. f(xt,xz,xttr-- @,+ 2xzr 4x)2 + (xt-xz+ t)2 + (xz+xs-lf ,'

13. f(xt,xz) I "r]' 
* 2x/ t- xtz * 2xt - xz2;

14. f(xt,x) 124,u -x,t * 3xmz-xt-t 4xz2;

15. f(xt,xz) * ,rf + 5x/ - BxNz - xt t 4xz2 ;

16. f(xt;z) 1 lQxf - xf + xfi2 t x22;

17. f(xt,x) J ",f 
* x/ - xtxz + xr r x22;

18. f(xt,xz) y1(5;/3x/ -xl- I) + x2(2xt 1xz);



t + x2);

(xt + x);
2xz(- xt + xz);

, + 2xz);

2(x1 - )c2);

t 't xz).

rtfi rrluuurr,lyu.

min,'xl-x2: L

xt't xz: I'
:0.

-2,

+xztxs:1.
+xztx3:1.

in,'x1 +xz-xs:L

xs:4.

+- x-r : l, xt - xz - xs:2.

+ 2xs: 4, x2 + 2xs: 6.

xz 1- xs: l, 3xt + 2xz -l xs:0.
't xs2 : l.
-t

-I- f .

s: l.

olo MLrHr4MyMa y cJreAyrorrlr4x QyHxrlzfi:

2xz;

npv HaJTLIIfIiILI



20,-4

4'
4'
,),
)t) ,
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trX.
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tv
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tY
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I'X

l,X
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,)cllu)

,xd,xs)

,x2,x3)

)c2,u)
.,^ it -'nt4 -
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,x2) :

,x4:
,x2):
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4. PemWTb

orpaHl4r{eHl4e TyIilla (

1. (xt + iz-
2. (xt + 2xz

3. (xt -t 3xz

4. (xt -xl+
5. xt*x)
6. 2xt 1 {z

7. xl )tlin

8. xt -,Y2 -)

9. xt2 *

10. xf +

2

,t

(xt - xz + I)2 + (xt -r xz - I)t;
(xf+xz+2)2-xt2;

(xt -2x/ + l)2 +v1;

(x/ + xz2 + l)2 + xf -- xz2;

(*tt -xz2 + 4)2 + xf ;

(xt2 +2xz* l)2-4xz2;

(xt * xz + 3)" -y1 + 2xzi

: (xt + 2xz--xs)2 + (xt + xz)2 + (xs- 5)2;

: (xt - 2xz)2 + (xz - 2xs)2 + (xs - 4)2;

: (xt - 2xz)2 + (xz- 2x)2 + (xs- 2xl2 + (xt - t)2;

: (xt + 2xz )- 4x)2 + (xt - xz + 1)2 + (xz r xs -- I)t;

xf + 2x/ * xfiz + 2xt-x22,'

2xf -xf -r SxNz-xt -t 4xz2;

rf + 5xt2 -Bxfiz-xt -t 4xz2;

IAxf -xf t xtxz + xz2;

rf -f x/ - xtx2 + xt + x22;
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3AIAqV Ha yCJrOBHbrr.r Mr4Hr.rMyM 3aMeHrfl OfpaHr4r{eHr4e Tr4rra K:D HA

1)2 + (2xt - xz t l)2 -> min; xt - xz : l.

I)2 + (x1+x)2 -+ min; xt * xz: L

6)2 + xt -+min; xt-xz:0.
l)" - xz + min; 2xt -l xz : 2.

min; 2xt2 t xz2 : 4.

min; 2xt2 * x2z : 4.

(xt+x)2*xt2:1.

min; x/ 'r xz2 : l.

min,'xt2 -l xz2 : L

min; 2x/ 1- xz2 : 4.
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Ouenra

-->min; x/ '+ y,22 : 4

'-+ min; 2xt2 't x22 : 4.

g - l)2+x2z ) min; xt r xz I x3 : L

+ (xz + xs)2 -+min; xt + xz * xs : L

xs-I)2+(xt-xz)2 +min; xt Ixz-xj: L

+ (xt + xs)2 -+ min; xz i xs : 4.

xs + ])2 )ntin; xt'l xz + n : I, x't -x2 -)1.a:2.

+ (x1 + xz)2 -+ min; xt + 2x3 : 4, x2 + 2xs : 6.

+ 3xs t- 4)t -+min; xt +xzt7.3:1,3xt-r 2xz*xs:0.

3xs -+ min; x/ + 2xz2 -t xs2 : L

3 -)min; */ + xz2 -xs: L

3 -)min; xf * xz-t x:: I.

xs -+min; */ + 2x,I xs: L

min;xt+xztxs2:L
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