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The project enhanced here was implemented at a private collage in a physics course during
the spring 2009 semester. The students generally responded quite enthusiastically to this
collaborative-developing structure. I think my students, especially the experiment group, developed
expertise in the use of this project based learning activity in which they acquired information and
build skills while investigating a real-world issue. In fact, it can be considered as a semi-
collaborative activity since not all students actively participated in conducting the experiment.

Other instructors can try this activity. Withthe same starting point,but depending on class
discussions they can follow another path and can end up with another solution. What I want to
emphasize is that with such activities, teachers can prepare their students for project competitions.
Moreover, we have to teach our students, if we are sure about a problem, we have to struggle until
we get desired solution.

On the other hand, this experience can be considered as a complete collaborative learning
activity. The teacher can introduce the problem; the students can discuss possible solutions,and the
teacher can set up groups, and then assignsproposed solution to the groups. Once each group
brought their results they can discuss the conclusions and decide about the best solution. Finally,
this project based activity can be conducted with SE learning cycle.
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’KOBA UJESIChIH HBIFANUTY KOHE CTYJAEHTTEPII BEPLJIMEYTE
YUPETY

AnpaTna: ’Koba Heri3enreH oKbITy, HeMece OKY-ipeKeTKe HeTi3eNITeH POIECCi, CHKap
aKrmapar ajgyJiaH repi, OKyIIbUIapAbIH 63 OKYBIH cay mporiecci 00bIn Tadbuiaasl. OHBIH YCTIHE, OJT
CTYICHTTEp MEH OKBITYIIbLIAp YIIiH A€ KbI3BIKTHI 00BN Tabbutaabl. byn mMakanmana oky-ipekerke
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KagaMm OarbpITTaHabIpAbIM. JK0OaHbI Kypy Ke3iH/ae KUBIHIBIKTAp/bl )KeHyTe, el Oepiimeyre yipere
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OBYYEHHE ITPOABJIEHUA AKTUBHOCTHU CTYJAEHTOB ITPU
PABPABOTKE HAYYHBIX ITPOEKTOB

AnHoTauusi: [IpoekTHoe oOy4yeHne wuiaM oOOyueHHE Ha OCHOBE JESTEIbHOCTH
MpEeACTABISIET CO00M Tpolecc, B KOTOPOM CTYIIEHTHI CTPOSAT CBOE COOCTBEHHOE OOyYeHHE, a HE
MACCUBHO MouydaroT uHpopMmarmio. bonee Toro, 370 MHTEPECHO Kak Ui CTYACHTOB, TaK M JUIs
npemnojasareneil. B maHHo# cTtaThbe aBTOp omucal AEATEIbHOCTh Ha YPOKE, B KOTOPOM HaIpaBJIsiI
CTY/[ICHTOB INIAr 3a IIaroM K pa3paboTke mpoekTa. YTOOBI MpeoaosieTs TPYAHOCTH BO BpeMs
CO3/1aHUS TIPOEKTa, UCCIIeIoBaTelNb MOJAePKUBAI UX HE OTKA3bIBAThCS U HE CAABAThCS OT MPOEKTa
IpH JTIOOBIX HEOIArONPUATHBIX 00CTOSTEIbCTBAX.
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SOME PROPERTIES OF FINITELY QUILTED ORDERED STRUCTURES

Abstract: It is knownthat any cut in an o-minimal structure has a unique extension up to a
complete type over the model. For weakly o-minimal structures a cut can have at most two extensions
up to complete types, and the sets of realizations of these types are convex in any elementary
extensions. Generalizing weak o-minimality we obtain the following notion of an n-quilted structure:
a totally ordered structure is said to be n-quilted if any cut has at most n extensions up to complete
types. Note that we omit here condition that the set of all realizations of a type must be convex. In
this article we investigate basic properties of n-quilted structures.

Since notion of o-minimality had appeared in [1] a series of generalizations were suggested
such as weak o-minimality, quasi-o-minimality, almost o-minimality, quasi weak o-minimality, C-
minimality, variants of o-minimality and others.

Key words: Mathematical logic, model theory, o-minimality, ordered structures, a cut, a
complete type.

Here we suggest a new notion of a finitely quilted structure. But before we explain why we
suggest this notion.
Definition 1 [1] 4 totally ordered structure (M, <,...) is called o-minimal if for any formula

@ (x,¥) and any parameter @ the set @(M, &) is a finite union of intervals and points.

It is well known that a totally ordered structure is o-minimal iff any cut has a unique
extension up to a complete type.
Definition 2[2] 4 totally ordered structure (M,<,...) is called weakly o-minimal if for any

formula @ (x,¥) and any parameter u the set (M, a) is a finite union of convex sets.
Theorem 3[3] (M, <,...) is weakly o-minimal if and only if for any cut (C,D) there are at
most two complete types extending (C, D) and if there are two types then the set of realizations of

these two types in any elementary extensions are convex.

So we see that the number of extensions of a cut characterize weak o-minimality. That is why
the following definition is quite natural.

Definition 4 4 totally ordered structure (M, <,...") is called n-quilted if any cut in M has at

most n extensions to complete types over M. A totally ordered structure is called finitely quilted if it

is n-quileted for some natural number n.
Obviously, any weakly o-minimal structure is 2-quilted.
Now we give an example of a 2-quilted structure which is not weakly o-minimal.
Example 5M = (R,<,Q); MEQ(a) ® a € Q.

Theorem 6 The elementary theory of (R, =, Q) admits quantifier elimination.
Proof: First we write axioms for (R, <, Q):

DWxvy(x <y =2y £x);

DWxWyWz(x < yAY < z = x <z);

) VaWy(x < yVx <yVx > y);

4) VxIy (¥ < x);

5) Vx3y(x < y);

6)VaxWydz(x <y s x<zAz <y);

NWxvyIdz(x <y = x<zAz<yAQ(z));

Q) WxVydz(x <y 2> x < zAz <y A—=Q(=)).

By Tarski’s test it is sufficient to eliminate existential quantifier in a formula of the form
3x V= @;(x,¥,), where @; are literals, that is of the form
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x=y,xFy,x<y,xZy, x>y xZy Qx) ~Q(x).
Observe that we have the following equivalences:

xEye @<y V(x=y)
xye(x=y)V(x>y);
Wy (x<y)V(x=y)

So if we consider 3x(x # y A @(x,¥)).This is equivalent to
Fx(((x <y) V(¥ < x)) Ae(xy))
We open parenthesis by distributive low:
x[((x<y) Ae(xF)V((x=y) Ae(x7))]
And this is equivalent to
Ix((x < y) A e(xy))VIx((x > y) Ap(xY))

Now we can eliminate these quantifiers separately. So we may assume that we do not have ¢,

of the form x # y,x =< v, x = y. Similarly,
(x=wnx<z) = (<Al =z2)V(x=<z)A(yz))
So we may assume that at most one of ¢,’s is of the form x = y.

x((x=y)A(x=<z) Ap(x,y)) &
I[(((x<Ay <z V(x<z)A(yz)))Ae(xy)] =
Ix((x=y)A <z Apxy))V(x<z)A(yz)re(xy)] =
Fx((x<y)AV<z)Aexy))VIx((x <z)A(yz)Ae(xy)) =
Fx((x <¥)Ae(xy))A (v <z)In[F3x((x <z)Ae(xy)) A (yz)]

If one of ¢;’s is x = z formula 3x Vi, @,(x,¥,) is equivalent to Vi, @,(z,¥ ), which is
quantifier-free. So we may assume that there is no ¢; of the form x = .

Thus we have the following kinds of formulas:

LI3x((y <x<z)AQ(x));

123x((y<=x<z)A=Q(x));

1.3 3x(yv < x < z);

213x((x < z) AQ(x));

223x((x < z) A =Q(x));

233x(x < z);

3.13%((y < 1) AQ);

3.23x((y < x) A =Q(x));

3.33x(v < x);
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4.13x(Q(x));
4.23x(=Q(x)).

By axiom (7) the formula 1.1 is equivalent to y <= z.The formula 1.2 is equivalent to y < z by
axiom 8.The formula 1.3 is equivalent to ¥ <X z by axiom 7.By axioms 4 and 6,7,8 the formulas 2.1,

2.2, 2.3 are true, that is equivalent to z = z.Similarly 3.1, 3.2, 3.3 are equivalent to y = y by axioms
5,6,7,8.4.1 is equivalent to y = y by axiom 7 and 4.2 is equivalent to y = y by axiom 8.
Consider any cut (C,D). Let ¢ be consistent with (C, D). By quantifier elimination ¢ is

C <x,x <d, Q(x),-Q(x).x = a. Since formulas ¢ < x and x = d already belongs to {C, D} if
¢ € C,d € D.So the only way to extend the is to add @(x) or —@(x). Thus we have that each cut
has exactly 2 extension, so this structure is 2-quilted.

Example 7 (R,<,Z) is 2-quilted. Any bounded cut has a unique extension, the cuts
+0 = (R, 0} and —wo = {0, R)are consisted with Z(x); =Z (x).

Example 2.7 is similar to the example 2.6.

Now we give an example of a 2-quilted structure which is not weakly quasi o-minimal.
Let M= QU (Q+ m) and T = {=, <, P?). the order < on M is the restriction of the natural

order on B to M If a&€@ then P(Ma)=(a—1la+1)NnQ, otherwise
P(M,a) =(a—1,a+1)Nn(Q +m).
Also we define function s(x) as s(a) = supP (M, a)

vy=s5(x)=Vz(P(z,x) = z < y)AVL[Vz(P(z,x) =z <t) = vy = t]
Theorem 87/ (M, <, F,S,S'lj admits quantifier elimination.

Proof: Any term has the following form: s"(x),where n € Z. So we have the following
literals:

s™(x) = s¥(¥);
s™(x) # 55 (0);

s (x) < s*(¥);
s™ () s (v);
s™(x) = s5();
s™(x)s* (s
P(s™(x), s*())
—P(s™(x), 5% (¥))-

© N kW=

Similarly to Theorem 6 we may assume that in 3x Vi, ¢, (x,¥,) there is no ¢; of the forms
2,4,6.

Note that s"(x)=s*(y) is equivalent to s"*™(x) =s**"(y) for any m € Z and
P(s™(x),s"(¥)) if and only if P(s™*™(x),s**™(y)) for any m € Z. So we may assume that n in
each g, is the same and n = 0. If at least one of @, (x,y) is one of the form s”(x) = s*(y) then
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3x Vizy 9:(57(x),5,) SVizg 0:(s(3).¥).

Thus we may assume that no ¢; of the form s™(x) = s*(y). Also we may assume that at
most one @; of the form 3 and 5. So the general form is

Fx(="(y) <= x = 5K (v;) AV, P(x,zijﬂvj —-P}-(x,u}-jj.

Note that P(x,z )N P(x,z,) is equivalent to
P(x,z) A5 (z,) = x < 5(29) A (P(24,24)V P(5(22),24)V P(24,5(2,))). So we may assume
that at most one ¢, is of the form P(x, z).

P(x,z2) A=P(x,y) @ P(x,2) Alx < s Hu) Vx> s(u)V (s71(u) < x < s(u) A =P(x,u))]

= (P(x,z)Ax<s Hu))V(P(xz)Ax<su)V(P(xz)As Hu) <x
< s(u) A=P(x,u)) < (P(x,z) Ax < s_l[u]] WV (P(x,z)Ax
< s(u))VP(x,z) A s_l(u] < x < s(u) A(P(z,u) vV P(s(z)u) vV P(z,s(u)))]

P(x,z) A s~ (u) <x < s(u) A=P(z,u) A=P(s(z),u) A—=P(z,s5(u))

So if we have at least one @; of the form P(x,z) we may assume that there is no g4 of the
form =P (x,u). Consider

3 (s™ (1) < x < 5%(y,) AP(x,2))
which is equivalent to
3x(s™(y) <x <K ) AsTHE) < x <5(2) © 5T () < 550) AST(On) <s(2)AsTHZ) <
sk (y) AsTEH(Z) < 5(2).

So it is sufficient to consider

Fx(=M () =x = s¥ (¥;) .-"n"..-'f:l n—P (x,u}.j) =
s™(yy) <sF(0n) AT () < sEO) VST () = s () A " Vies, (5_1(1‘-"r(1}]
= ST AST N (Uggn)) = S(Up ) AS T (Uyray) = (W) A AST (Ug)
= S(Uppnoy ) A S(Urpgy)
= 5% (¥2) A P(Upryrterny) A P(Upgytemy) A AP(Upnogy iUy ) AS T (Wepnan))
=s"(y ) NS l(u Tint 2}) = S(url:n+l}j A S_l(ut|:n+ 3}) == (ur[n+2}j Al A 5_1(ur(2n}j
= S(Uppan-1) ) A S (Urzm)
= 5% (¥2) A P(Uqpna1ys Uegmazy) Ae o A P(Upian—1) i Ueczmy ) A 2P (UgpaysUrpneny)))]

From quantifier elimination it is easy to prove that the considered structure is 2-quilted.

Obviously, any finitely quilted structure is o-w-stable. Since any o-stable ordered group is
Abelian and divisible [4], we obtain that any finitely quilted ordered group is Abelian and divisible.

Lemma 9 Let G be an ordered finitely quilted groups. Then any definable subgroup is convex.

Proof. Assume the contrary, that a definable subgroup H of the group G is not convex. Since
G is divisible the subgroup H has the infinite index in its convex hull. So the cut which is defined
by supH has infinitely many extensions by formulae H(x) + g.

Theorem 10 Let G be an ordered finitely quilted groups as well as its any elementary
extensions. Then Th(G) is weakly o-minimal.

Proof. Assume that a definable subset 4 has infinitely many convex components. Let a cut
(C, D) be consistent with both 4 and the complement of 4. This cut does exists, becouse the set 4
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has infinitely many components. Consider an infinitesimal element b in some elementary

extensions, such that for any c, realizing the cut {C, D} the element b + ¢ also realizes this cut. Fix

som sufficiently saturated elementary extension and consider cuts defined by supC and infD. It is

easy to see that the definable sets 4 + nbare consistent with these cuts for any natural nunmber 7.

For details one can see [5]. So this cut has infinitely many extensions up to complete types.
Question Is there a 2-quilted ordered group which is not weakly o-minimal?
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B.B. Bepﬁon;cxcm?l1 H.E. Epromnnal, A. BeKTprbIHOBal
'Yuusepcumem umenu Cyneiimana Jemupens, Kazaxcman, Kackenen

HEKOTOPBIE CBOMCTBA KOHEYHO NPOCTET'AHHBIX YIIOPSIJIOYEHHBIX
CTPYKTYP

AHHoTanusi: V3BecTHO, uTO I/I000€ CEYEeHHME B O-MUHUMAIBHOM CTPYKTYpEe HUMEET
€MHCTBEHHOE pacIlipeHUe JO MOJHOr0 TUIA HaJ MOAeNbo. [lid c1abo 0-MMHUMAIBHBIX CTPYKTYD
CeUueHHE MOKET UMETh MAaKCUMYM J[Ba PACUIMPEHUS 10 TMOJHBIX TUIIOB, MPUYEM MHOKECTBA BCEX
peanu3aiyii 5TUX TUIIOB SBISIOTCS BBIMTYKIBIMU B JIIOOBIX 3J€MEHTApHBIX paciiupeHusx. O6o0mas
cnabyl0 O-MUHHUMAJIbHOCTb, IOJy4YaeM CIEOYyIOIlee TOHATHE AM-CTETaHbIX CTPYKTYpP: JHMHEHHO
YIOpSAOYCHHAs CTPYKTYpa Ha3bIBA€TCS M-CTETAaHOM, €ciaM Jroboe cedeHue umeer He Ooree 7
pacimpeHuii 10 mojgHoro TumoB. OOpaTHUTe BHUMaHHE, YTO MBI 37€Ch OIyCKaeM YCJIOBHE, YTO
MHOKECTBO BCEX pealM3alUil TUIA JOJDKHO OBITh BBINYKJIBIM. B 3TO#l cTaThe MBI HcCIEnyeM
OCHOBHBIE CBOMCTBA 1-CTETaHBIX CTPYKTYP.

KiroueBble cioBa: mareMaTudeckass JIOTMKAa, TEOpPHs MOJENIEH, O-MUHUMAJIbHOCTD,
YIOPSAAOYEHHBIE CTPYKTYPBI, CE4EHHE, ITOJIHBIM THII.
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IMeofcdyHapodnblﬁ VHUepcumem uHGOpMayuoHHvix mexunonoeutl, Aimamoi, Kazaxcman
2 N
Uncemumym ungpopmayuonnsix u eoryucaiumensvuvix mexrnonrocuii KH MOH PK,
Anmamol, Kazaxcman

BOITPOCBHI OPTOI'OHAJIBHOCTHU N1 HEPA3JIMYUMOCTHU
B CJIABO IUK/IMYECKA MUHUMAJIBHBIX CTPYKTYPAX

AnHoTanusi: B HacTosmel paboTe UCCIeYIOTCS ITUKINYECKUA YITOPSIA0YEHHBIE CTPYKTYPHI C
yclioBueM cinaboil IUKINYeCKOW MHUHUMAaIbHOCTH. HaiiieHbl HeoOXOauMble U JOCTATOYHBIC
YCIIOBHSl HEPA3IUYMMOCTH MHOXKECTBA peaju3aluii HeaireOpandeckoro 1-Thma B CYETHO
KaTerOPUYHBIX 1200 MUKIMYECKA MUHUMAIIBHBIX CTPYKTYpax.

JlanHass cTaThsl HaAmpaBieHa Ha PACCMOTPEHHE TIOHATHS  CIAOOU  YUKAUYECKOU
MUHUMATbHOCMY, BBEACHHOTO W TMEPBOHAYAIBHO TIYOOKO WCCIEJOBAHHOTO, HA BOMPOCHI
HEPa3IMYUMOCTH MHOXKECTBA B CJIa00 IHMKINYECKH MHUHHMAJIBHBIX CTpyKTypax. B paGote
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