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yuebHoU desmenbHoCmu 0emetl, COXPAHEHUIO U VIYYUEHUIO UX 300P06bsl; DA3GUMUI0 MY3bIKAIbHBIX CHOCOOHOCEl, 6000pa-
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Sadova I. 1., Kobenko S. M. The music therapy as a means of rehabilitation of children with special educational
needs.

In the article it has been summary zed and try it out to conceptualize the modern practical experience of using of the music
therapy for children with special educational needs, its main theoretical positions have been systematized. The artistic technol-
ogies of inclusive education and their therapeutic and pedagogical possibilities have been revealed; it has been characterized
the music therapy as a means of psychosocial restoration of the personality,; forms and varieties of music therapy have been
described; the classification of musical and therapeutic in fluencies has been carried out.

1t has been proved that the use of MT in the inclusive and pedagogical process contributes to increasing the effectiveness of
educational activities of children with special educational needs, preservation and improvement of their health; the development
of their musical abilities, fantasy and imagination, the strengthening of their creative activity, the harmonization of the emotion-
al sphere; the settlement of the problems of inter personal communication.
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OCOBJIMBOCTI BBEAEHHSA HOHATTA IHTET'PAJTIY PIMAHA I YAC BUKJIAJJAHHSA
MATEMATHYHOT O AHAJII3Y MAUBYTHIM YYUTEJASIM MATEMATHUKHA

3micm mamemamuyHnoi ni020mMoBKU MANUOYMHIX 84UMeNi8 ) SUWUX Neda202iUHUX HABYANbHUX 3AKAA0AX CYymMme-
60 GIOpIZHAEMbCS 610 3Micmy Ni020mMoO6KU (Paxieyié 6 KIACUYHUX | MexHiyHuX yHisepcumemax. Lle nose’szano 3 mum,
Wo GyHoamenmanbha Mamemamuinda ni020moska Maudymub020 euumeis MamemMamuxy noSuUHHA 3abesnequmu 0icsi
BHAHHSA, 4 MAKOJC Npodecitini komnemenyii, AKi 6UX00ams 3a Mmedci wKinbHo2o Kypcy mamemamuxu. Ceped oucyu-
niiH, AKi 3a0e3neyyromes QyHOAMEeHMATbHY MAMeMamuyHy nio20moeKy, npogioHe 3HAYeHHA MAE MAMEeMAMUYHUL AHA-
ni3. Y cmammi na npukaadi po3ensioy KOHKPemHo20 NUMAHHA OAHO020 KYPCY BUSHAYEH] MameMamuyHi acnexkmu, AKi
CmMocylomscs 0cooIu6oCcmelt GUKIA0AHHL MAmepiany 3 Ypaxy8anHHsIM Mux Uumoe, o 6Ucy8aromvcs HUHI 00 npoyecy
nioeomoexu axisyie 6 eanysi oceimu. Pozeninymo eeedenns nowsmms inmeepany Pimana ons @ynxyii, 3a0anux na
MempuuHux npocmopax 3 mipow. Ilepesacu makoeo nioxody nHOACHIIOMbCA MUM, WO KPAMHI, NO8EPXHEBI Md KPUBO-
JIHTUHT THMe2panu RUCYIOMbCA 8 OAHY CXeMY Ma 00ePHCYIOMbCA, MAKUM YUHOM, 8 AKOCMI NPUKIAOi8 nid uac 8i0nosio-
HO20 8ubOpy npocmopy ma mipu.

Knrouosi crosa: mamemamuyna nio2omoska MatlbOymuix 64umenie MamemMamuxu, QyHKYis, 3a0aHa Ha MEMpPUIHOMY Npo-
cmopi 3 miporo, inmezpan Pivana.

OCHOBHI IPIOPUTETH, 10 3yMOBIIOIOTECS pehopMaMu B YKpaiHChKill OCBITi, CTOCYIOTECSI OHOBICHHS 3MICTY,
¢dopm i1 meToniB npodeciiHol MiAroToBKU (haxiBIiB y BHUILIN MKOJi. Y 3B’SA3Ky 3 LIUM MiATOTOBKa MaHOyTHIX
BUYMTEIIB MaTeMaTHKH, SKI BOJOMIIOTh HEOOXITHHUMH XapaKTEepPUCTUKAMHU KOHKYPEHTOCHPOMOXHOTO (axiBis,
cTa€e HarayibHOIO moTpedoto. [Ipodeciiina miaroToBka MailOyTHIX BUMTENIB MaTeMaTUKH Nependadae mpouecu
BHKJIQIaHHS Ta HaBYaHHS, (POPMYBaHHS Ta OBOJIOMIHHS CUCTEMOIO BiIIIOBIIHUX 3HAHB, YMIHb Ta HABUYOK, PO3BH-
TOK Ta CAMOPO3BHTOK OCOOUCTOCTI CTYyACHTA IEJaroriYHOTO 3aKJIaay B IpoIeci 3000y TTS MaTeMaTHIHOI OCBITH,
pe3yabTaToM sikoro Oyne roTOBHICTH 70 mpodeciiHol AisuibHOCTI. BaxknuBe Micie y npodeciiHiid miaroTosii
BYHMTEIIB MAaTeMaTHKHU BIJIBOAMTHCS KypCcy MaTeMaTUYHOTO aHaji3y. [Ipobiema miaroroBku MaifOyTHIX BYMTEIIB
MaTeMaTHKH y TIPOIeci HaBUaHHS MaTEMaTHYHOTO aHaIi3y € JOCHTh OararoacnekTHO. [TpoTe onmHiero 3 mpobiem
CBOTOJICHHSI € PO3KPHUTTS MOXJIMBOCTEH JAaHOI JHUCIHMILUIIHU B Ipolieci 31iiiCHeHHs npodeciifHO-TienaroriyHoi
CHPSIMOBAHOCT] HABYAHHS Ta BJJOCKOHAJICHHS NMPOo(deciiHOl MATOTOBKY BUNTENIB MATEMAaTHKU. MU 3yIHHUMOCS
Ha MaTeMaTHYHOMY acCIEKTi BBEJICHHs MOHSTTA iHTerpany Pimana nng ¢yHKHid, 3aJaHUX Ha METPUYHUX IIPO-
CTOpPax 3 Miporo.

Ycronu Hmkue (03 10/1aTKOBHX 3aCTePEKEHb ) OyIeMO MPUITYCKATH, IO (X, p) —obmexennit METPUYIHHH TIPO-
cTip, R — BuxinHa anreOpa Ha X, Ha sAKil 3a7aHa Mipa, SR — anreOpa BUMIpHHX 3a JKopaaHOM MHOXHH; A(X

L(x)-anreGpa BUMipHUX MHOXHH 32 Bopenewm, a L( X ) (L( X) S g})— o -anreOpa BUMIpHUX MHOXKHUH 3a JleGe-
roMm; [ —wmipa JleGera Ha L(X ), moOyIoBaHa 3a BHX1THOIO MIpOIO i € i mpomosxeHHsM [ 1, c. 214].
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. n .
Poszoummsam P MHOXWHHA X Ha3BEMO HOOBUIbHY CUCTEMY { i}i I1IIMHOXWHA )(, 110 3a10BOJIbHAE€ HACTYITHUM

=1
yMOBaM:a)Pl_ei]Nq,i:L...,n;6) CJB:X’/’I(Piij):O’ i ; B) ﬂ( )>0 reeuy .
Pt

Yucio /I( ) max d(P. ( ) napameTp po30uTTs, Jie d( )maMeTp MHO)HHEN P [d(P,»)= sup p(x,x')].HpH

----- x,x'eP,

1bOMY OyzIeMO HPHITYCKaTH, 1O BUXiAHA anrebpa R 1 Mipa Taki, 110 BAKOHYETbCS yMOBa: \/ O0>0 iCHY€ pO3OUTTS

P Taxe, 1m0 ﬂ,( P) < O . BiamiTuMmo, 1110 11 yMOBa BUKOHYEThCS BCOM HIKYE B YCIX KOHKPETHHX CHTYaIlisiX.
Hexaii Ha X Bu3HaueHa QyHKITis fiX> R Inmezpanvhoio cymoro 0'( 1, (P & )) st yHKIT £ Ta pO3OUTTS

3 00paHMMHU TOUKAMH (P, £ ) (f = {é }?zl,fi € Pl), Oy/IeMO Ha3UBATH CyMy O' Z f qI/ICJ'IO

I nasusaerbes inmezpanom Pivana Bin GyHKUii f Ha MHOXHUHI X 3 MIDOKO f/, a cama q)yHKLu;I THTETPOBAHOIO 32

Pimanom Ha MHOKUHI X 3 Mipoto AL, skimio: Ve > 0 35(5) V(P,E) A(P)<6 |[ —o(f,(P,&) | < ¢ » Heza-
JIEKHO B1Jl OOpaHUX TOYOK éﬁ
Bsenemo nozHaueHHs | — (R)If(x)dﬂ(@ llm G(f (P,&)

3aysaoicenns 1. 13 o3HaueHHs 1ErKO BUILTMBAE HaCTynHe TBepmKenHs. SIkimo Ha (X, p) 3amani anre6pu R, Ta
R, Taki, mo R, <R, i Mipu 4, L, BU3HAYEHi, BiANOBiTHO, Ha anrebpax R,, R, ma ,ul(A)z ,uZ(A),

V4eR, <R, (tobto L1, — po3mwupeHHs 4, ), TOI[i 3 iHTerpoBaHocTi 3a PimanoM f BITHOCHO MipH /{, BHILIHBA€
iHTerpoBaHicTh 3a Mipoto £ i (R)J. f(x)dw, (o) = J. f(x)du,(0).

Teopema (Heoﬁxldﬂa ymMosa leeepoeaﬂocmz) Hexait f X— R' iHTeTrpoBaHa Ha X 3a Miporo £/ , Toxi f(x) oOMe-
JKeHA Ha MHOXHHI X.

Jlosedenns. BisbMemo NoBinbHE po30uTTs P MHOxuHK X. TIpumyctumo, mo f HeoOMexeHa Ha X, Tofi icHye I, Juis
sxoro f Oyne HEoOMeKeHa Ha BO . B upoMy BuMaaxy 3a paxyHOK BUOOPY fio Benuuuny |f (§ i )- U (Pi0 )| MOxHa

3pOOUTH CKIJIbKH 3aBrOJHO BeIHMKOr0. Tomi st moBinbHOTO / BenmunHa |I- o (f,(P, §))| Mmoxe OyTr 3po0iieHa CKUTbKH

3aBrOJHO BEJIMKOIO 32 PaxXyHOK BHOOpY é . Ockinibku po30UTTA P J0BIIbHE, LIe CYNIEPEUUTh O3HAYCHHIO 1HTErPo-
BaHOCTi. TAKMM YMHOM, HALle IPUITYILICHHS HeBlpHe i q)yHKLus{ fobmexena Ha X.

BrnactuBocTi Ta HeoOXiHa i TOCTAaTHS yMOBa iCHyBaHHI iHTerpary PiMaHa criBaaloTh 3 KIIACHIHUMU BIIACTH-
BOCTSIMH iHTerpany Pimana [2, ¢. 115], toBeneHHS SKHMX MOXKHA TEPEroBOPHTH B JaHii cuTyarrii.

Hexait (X, p) — komnaktauit pocrip, anredpa R i mipu, 3anani va X, taxi, mo B (X ) c L(X ) . Kpim Toro,
Oynemo mpuIryckary, 1o mipa Jlebera £/, Aka moOynoBaHa Ha BUXiTHINA Mipi, 3aJOBOJIBHSE YMOBI:

1. Vxe X, {x} € B(X)c L(X), y({x}) =0;

2.VaeX, Va,R u(S(a,aR))<K(a)u(S(a,R)), ne S(a,R)={x|xeX,pla,x)<R};

3. SIxmo A € L(X ) i ,u(A) =0, 10 V& >0 icHye He GiIbII HIX 3YMCIIEHHA CUCTEMA BIJIKPUTHX KYJIb, KA €
MOKPUTTAM A, CyMa Mip SIKUX MEHIIE & .

3a3HaunMo, 110 JaHi YMOBH BHKOHYIOThCA s Mipu JleGera 8 R” | (pu upomy k (a ) 3aJICKUTh TUTBKH Bif
PO3MIpHOCTI 7 1 Koe(]ilieHTY TOMOTETIi ¢ ), a TAKOX 1 B IHIIUX CUTYAIIIsIX, K1 OyIyTh PO3IJISHYTI HHXKYE.

) 1% . 1 .
Teopema (Jlebeza). Hexait X — kommnaktauii npoctip; f : X — R obmexena Ha X 1 4 3a10BOJBHSE BKa3a-

HuM ymoBam. st toro, mo6 f (x) Oyna interposana Ha X HeOOXiJHO i JOCTaTHRO, 06 BOHA OyJia HerepepBHa
Ha X 3a BUHATKOM MHOKMHH TOYOK Mipu JleGera 0.
Jlosedenns. Heobxionicms.  Hexaii E — muoxuna touok pospusy dynkuii f Ipumycrumo, mo ,u(E ) #0.

Skmo X — Touka pospusy f (x), TO a)( f ,x) = gin(} a)( f,S (x,5 )) # 0 (r0610 @(f,x)=0 y Bumazky Hemepeps-
—

wocti f B Touni X ). Tomi E = UEn ,ne E, ={xe X/a)(f,x)Zl} (E, —3amknenuii, orxe, E, €B i
n

n=1

E € B), Toni 3a Bnacusictio mipn JleGera icuye E, Taxe , mo ,u(E o );ﬁ 0. Hexaii P — nosinbue po3ourrs X .
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PosrstHemo CHUCTEMY MHOXHWH

A={P,eP/P,NE, #0,0, :w(f,P,.)zL ,B=P\A.
iy

Cucrema A yTBOPIOETHCS HACTYITHMM YMHOM. KoskHa Touka X € Eno a6o BHyTpiuHs st Oyas-sikoro P, , i Toni

P, € A, a6o rpanuuna mns Gynp-sikux P, i=1,,...,i, . B ocranHbOMy BHIajaKy Xo4a O Ha OHiil i3 MHOXUH

P, v {x} (i =1 ,...,im) KOJIMBaHHS (PYyHKIIi TTOBUHHO OyTH HE MEHIIE Hi’)K —— (y IPOTIJICKHOMY BHIIAJKY B
ny
CWJIy HEpIBHOCTI TPUKYTHHUKA [3] KOMUBaHHA B TO4YLlI X Oyae MEHIIe — ).
n
Hexaii P, U {x} Ma€e TakKy BIIACTHBICTh, TOAi nepenosHaunmo P, =P, U {x} (axmo x P, )i P, € A.
J J J J J
. 1 . o .
Takum guHOM, UP,- oE, 1o(f.P)=z E. (P, € A). 3 Touku 30py po3OUTTs HOBI MHOKUHH BiAPi3HAIOTBCS Bil
n
PcA 0

MTOYAaTKOBUX HA OJHOTOYKOBY MHOKMHY MipH 0; TIpH IbOMY MapaMeTp PO3OHTTS HE 3MIHHTHCS, OCKUIBKH TOUKA,
nob6asiena o P, , rpanndna. Bpaxosyroun panilie ckasaHe, OTpEMaeMo, 110 sikuii 61 He Oys mapamerp A(P ) pos-
J

n
ourts P Za)(f,Pi),u(P )> Z o(f,P; Ju(P; >—Zy >—y(E ) To6T0 It V& <L,L1(Eno) HE00-
=) PeA "0 pea 2n,
xiHa i JocTaTHs yMOBa iHTErpoBaHOCTI (PYHKIT HE BUKOHYETBCS, 1O CYNEPEYUTh IHTErPOBAHOCTI [ (x) Hame
npunyuenss uesipae i U(E) =

Hocmamuicme. Hexait & < 0 nosimshe; E, = {x € X/a)(f,x) > 8} , TOxi ,U(Eg ) =0 i E, - samkuena (u1o0
JIOBOJIUTHCS OE3MOCEPEIHBO i3 03HaueHb E a)( f ,x) i rparnunOi Toukn). Ockinbku X — KOMIAKTHUI IPOCTIp,

10 B, — xommakTHa miqmuoxuHa X .

Yepes kommakticts E_ i BmactuBocti 3 Mipu icHye CKiHYGHHA CHCTEMa BIIKPHUTHX Kyib S, =.S; ( a,, l)

(i =1,. k) takux, mo E, < US Z/.l < & . lo3Haunmo

i=1 i=1

k k k
C = USi .Gy = US(ai’zri) i G = US(ai’3ri)'
i=1 il il
3posymino, mo E, < C, . Kpim toro, Bincrans d mix rparnusmu C, i C, crporo nogarHa. JlilicHO, rpaHuLs

C, cknagaerses i3 HOBEPXOHB Kylb B, (ai 27, ) = {x e X/ p(x, a, ) =2r }, a rpanuust C; — i3 IOBEPXOHD Kyllb
B!(a,3r)={xe X/ p(x,a,)=3r}.i=1.. .k

Sxo x Hanexuts rpanuni C,, ay —rpanuni C,, TO MOXINBI 1Ba BapiaHTH:

l.xeB,,ayeB/, toni 3r, = p( ,ai)s p(x,y)+ p(x,a,.): p(x,y)+ 2r, , 10610 p(x,y)z r,i=1,..,k

2.xeB,,ay€B/ a0 6 ¢ S(ai ,31;): {y/p(ai,y)< 3r, }, ockinbku y —touka 3 rpannti C, (C;— Bin-
KpUTa MHOYKUHA).

Otxe, 3r, < p(a,,y)S p(ai,x)+ p(x y)= p(x y)+ 27,, T06TO 3HOBY p(x y)Z r,,1=1,.., k Takum

quHOM, VX, Y , mo 3Haxomstees Ha rpanuusix C, i C; BiamosinHo, p(x y)> d= mln 7, >0.
BpaxoByrouu BIaCTUBICTb 2 MipH, MH OTPHMAEMO:

S;,u( a, 3r Zy )

Josinbna migmuokuHa C; , niamMerp kol MeHme d, a60 MiCTUTLCS B C3 , 00 3HAXOIMTHLCSI B KOMITAKTHINA MHO-
xuai X \C , =K (K- xomnakTHa, OCKIJIbKH € 3aMKHEHOIO ITiIMHOKHHOIO KOMIIAKTHOTO mpoctopy X ).

Hexait P — nosinbre posourts X 3 mapamerpom ﬂ(P)< d , roni
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n

zwi:u(Pi)S Zl wiﬂ(R‘)‘*‘ 22 a)ilu(Pi) (a)i = co(f,R ))’

i1
ze mepia cyma Oeperses o 1, st skux P, < C;, a npyra mo i, s sixux P c K.

Ockinpku | f (x)| <M na X, to 3aminroroun @, B nepuiii cymi Ha 2M , otpumaemo
> ou(P,)<2Mu(Cy) < 2Mk(3)e .
Ouinnmo apyry cymy. I3 Brmouennst E, < C, = X \K Bummsae, mo Vx € K a)( f ,x) <& ,100m0 30 (8)

TaKe, o VX, X, TAKHX, [0 p(x, X, ) <o p(x, X, ) < 0 BUKOHYETBCS HEPIBHICTB: | f (x1 )— f (xzx <ég.

I3 miei o6craBunm i kommaktHoCcTi K, mosroproroun nosenenns teopemu Kanropa [1, ¢. 87], orpumaemo, mo
Ve>0 35(8) Take, o VX,,X, € K, s sikux p(x1 , X, ) < O BHKOHYETBCS HEPIBHICTb |f()cl )— f(x2)| <é&.
O6wuparoun ﬂ(P) MeHILe BiNOBiAHOrO O (8), OTPHMA€EMO | f (xl )— f (x2)| <& Vx,,x, €P, (otxe, , <¢)
win P, K . Takum unsom, E: o\ P ) = 88 X ) i Z(P) < O . BpaxoByloun BHILE 3a3HAaYEHE, OCTa-
TouHO Oyzemo Matu, mo Ve <0 30 (8) Take, 110
n
VP A(P) < min(5(g),d) Za)“u(Pi )< (2MK(3)+ u(X))e,
i=1
a oTKe, o i f (x) BHKOHYETBCS HEOOX1/IHA 1 IOCTATHS YMOBH 1HTETPOBAHOCTI (DYHKIII.
Po3risiHeMO TIPHUKIIa i 3aCTOCYBaHHS iHTerpainy Pimana.
Inmezpan na dexapmosomy 0o6ymxy npocmopis. Hexaii 3amani npocropu (X,.0,), (X;.2,) 3 BusHauennmu anre-

opamu R,, R, i mipamu g i 4, Bigmosiaxo. PosmisiHEMO mpoctip X = X, xX,= {(x,y)| xeX,,ye Xz}
3 METPUKOIO p((x,, 1, ),(x,,3,)) = |/ o2 (%1, )+ 2 (31, ,) s @reOpoto R, marsruyToro Ha R xR, = {Al x4, | 4 e R, 4, eiRz} i

MIpOIO L = L4 X [, , SIKa € PO3LIMPEHHSM MipH, 110 3axana Ha R, X R, pisuicTio ,u(fil X Az) =4 (A1 ) Hy (A2 )
PosmsHemo Gyukuito f (x, y) : X, x X, > R'. Sxmo Bona inTerposana Ha X 3a Miporo 4, TO MOXHA BBECTH

HO3HAYCHHS J. f (x, y)d,u(x, y) = I f (x, y)d,u1 (x)x du, (y) . Lt osibroi miamaoskuan A © O nossaunmo
o X, xX,

A :{yeX2 |(x,y)e A}, Vx e X,.
Posmsiemo B R” oGnacts D, obMexeHy KpuBUMH X =a, X=b i y =@, (x), y=0, (x), X e [a,b]. Mnu
OyaeMo TpuIycKaTd, IO () (x) <o, (x), X e [a,b] i@ (x), 0, (x) HEemnepepBHi Ha [a,b]. Toni

D= {(x, y)| X e [a,b], o, (x) <y<o, (x)} C R’ 3amkHena, obMexena i KBaJpoBaHa (BiTHOCHO CTaHAAPTHOI
Mipu JleGera) MHOKMHA (BPaxOBYIOUYH YMOBY KBaJpOBAHOCTI KpHUBOJIiHIIHOI Tpanerii). Kpim Toro,

Vx e [a,b] D = {y\(ﬁl(X)SyS%(x)}:[ l(x)>(p2('x)].

BuxopucToByroun Buiie ckazane, chopmyiroemo teopemy DyOini [2] s 1aHOT cUTyaIrii.

oalx

Teopema. Hexait | (x, y) inTerpoana Ha obnacti Di Vx € [a,b] icHye J (x)= | fl X 1,lm,, Ttomi [ (x) iHTE-
-:l-. J; ..r.. N --: 3 h E
rpoBaHa Ha [a,b] 1 _|_| I |-r_-"~’= Jr'_\-lﬂ'-"fd}' :_l dx I S '-r.-T= }Im ;
o a @ixl
CrpaBeIHBICTh TeOpEeME BUILTHBAE 3 Teopemu DyOiHi, (ne X = [a,b]x [c,d ], c= rr%irl}]qol (x), d= m[azc] , (x)),

OCKiNbKK rpanuis obnacti D 3anana HenepepsHuMu Kpusumu. [Liouna venepepsroi kpusoi (B R ) nopisaioe 0 (3

KBaJpOBAaHOCTI KPHUBOJiHIWHOI Tpamemnii), omke, mipa Jlebera rpanumi obmacti D nopisaioe 0. Kpim Toro, mipa
2

JleGeras X < R” 3anosonbusie BumMoram teopemu JleGera.
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3ayeasicenns. Bee BUKIIa/ieHe BUINE CIpaBeIUBE, KO (O, i (P, — KyckoBo-HemepepsHi. [lis Toro, mob B
IOMY TIEPEKOHATHCS, JOCTaTHHO 00IACTh PO3OUTH Ha CKIHYEHY KUIBKICTh 00JIaCTel BKa3aHOTO BUIY 1 CKOpUCTa-
THUCS BIACTUBICTIO IHTETpAITY: IHTETPpaJI 10 00’ €IHAHHIO 00JIacTeH, 10 He TIEPETHHAIOThCS, JOPIBHIOE CyMi iHTeTpa-
JIiB TI0 CKJIAJJOBUM 00JIaCTsM.

Hexait O,p) — KOMIakTHUi npoctip, R — anrebpa i 4 — mipa. Hexaii f(x): X >R, f(x) 20 xe X

i oOmexena | (x) < M . Po3riistHEMO MHOXKHHY
) :{(x,y)|xeX,OSySf(x)}ch[O,M].
B npocropi X X [0 M ] posmisiHeMo Mipy U = uXm (ne m — mipa JleGera na [0 M ]
Teopema. Hexait f ( ) X — R' —nenepepsua, Toi ® — kyGoBana MHOKHHA B X X [0 M ] j (@)= )_[ f(x)dulx).

Hoseoenna. Hexait P — noBinbHe po30utTss MHOXHMHH X. Jlna koxsoro I=1..,n m, = f (x),

Ml.:supf()TozuG UPxOm]C(DcF UPxOM]CXx[OM] MHO)KI/IHI/I G(P),
B

i=1
F (P) — KyOoBaHi i

AG(P))= Somal2) =51 P) ()= 31 u2) = 5(1.P).

Ockimbku f(X) — Henepepsna, To Bowa inrerposana Ha X, 1610 Ve >0 35(¢), VP A(P)< & suxony-
ervest mepisnicts U(F(P))—0(G(P))= S(f,P)-S(f,P)< & . Taxum unnom, V& > 0 icuyiors ky6osani Muo-
s G(P), F(P)c X x[0,M ], G(P)c ® < F(P) i v(F(P)-v(G(P)))< & 10610 ® — kyGopana.

Moxaewo, mo 1 = [ f(x)du(x) nopisoc v(®). Bpaxosyioun sume suxraneni daxri i osmasens KBa-

JPOBAaHOT MHOYKHHH, OTPUMAEMO, 110 V P MHOXHHH

x 8(f£,P)<1<58(f,P). o(G(P))=5(f,P)<v(®)<S(f,P)=uv(F(P)).

0670 |1 - 0(®) < S(f, P)-5S(f,P). Orxe, V& > 0 obupatoun P rae, mo /1(P ) < O (icHyBaHHs SIKOTO HABEIEHO BHILE),

OTPUMAEMO |I - U((DX < & (BpaxoBytoun inrerposanicts f ). Ockinbku &€ >0 — nosinsue, To [ —U(CD) =0, abo

= [ £()du(x)

Hpuw)z(adu. 1. Hexait X=[a,b], R - anreOpa MHOXHH, BUMIpHUX 3a JKopraHow,

(A = u(|Jle:8))=D (B —a,) (VAeR).
i=l1 i=1

Posristaemo posourtst P = {P. }" P, = [01 ,x ] a= X, <X <..<X, =D (pos6urrs Brasanoro Buy 3a10-

i=1’ i+1

BOJIbHSIE YC1 YMOBHU O3HaueHHs). Toi ﬂ(P) -0, =A0;, i ¢ e[ o, H]] =0, ..., n-1; Z(P) — JIOBXKHHA

-1

HalbiIbIIOro Bifpiska. IHTerpagbHa cyma B IIbOMY BHIIJKy Oyle MaTH BHIIAL: J( f ,(P,f))= "Z: f (cfl )A5l
B naHomy BumajKy JUist iHTErpaia BUKOPHCTOBYEMO TTO3HAYCHHS | = i Flxke

BinmiTumo, 1o konu f iHTerpoBaHa IO JaHid Mipi, OCKimj(H rpaHullsl icHye i Oynp-skux P, To

I= 1(11%20 G( f ,(P,(f)), Jie B iHTerpaibHiii cyMi MokHa GpaTu PO3OUTTS TIIBKU BKA3aHOTO BHIY (OCKIIBLKH rpa-

HUIIS ICHYE TS OyIb-IKuX P).
2. SIk1o B monepeaHbOMY MPHKJIIAi Mipy 3aIaTH 32 JOTIQMOTOIO 3pOCTal0u0i, 00MEXEHOI Ta HeTIepepBHOI 37iBa
dyskuii g(x), uusxom pisnocti W[ &, f))=¢g (,B ) —gla ), TOJIi IHTEerpalibHa CyMa, BKa3zaHa y mpukiaji 1, Oymae
r=1

warn surnsa: o(f(P.2)) = ¥ £(& Mgl - g(x)).
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Iarerpan / B 1bOMy BUNAAKy Ha3WBalOTh inmeeparom  Pimana-Cmirnmveca 1 T03HAYAIOTH

{ =)

Filx el x)

FixEuix)=

F P

[

3. Hexait E Rz, E — oOMexeHa KBaJpoBaHa MHOKHHA, a ﬂi’(E ) — anreOpa KBaApPOBaHMX ITiAMHOXHUH E,
,u(A) =S (A) — wrowa A, 1urs fosinsHOi A € R . [lnst nosinsHoro po3ourrs P muoxunu E, P, (i=1,...,n) — kBa-

JPOBaHi MHOKUHHY, IHTerpasbHa cyma st GyHKuii f (5, 0') :E — R' maeursz: a(f.(P,(&7))= z F(&.m)8(P,),

((.fi,ni)e P, — oOpani Touku). B npomy Bunanky / nosnavaote I = || F ['__'1:= _:L'_.h'-_‘l:{f_}'i HA3UBAIOTh NOOBIIHUM

m'—-II
m—

inmezpanom Bin GyHkuii f (x, y) no muoxkuni E © R”.

A

4. Hexait ® c R*,® — ob6mexena KyOOBaHA MHOXHWHA, ‘.R(q)) — anrebpa xybosanux migMHOKHH O ,
u(A) = V(A) —06’em A, 1151 nosinbHOi A € R .

g noBibHOTO po36uTTs P MHOXKUHN D R(l =1,..., n) — KyOOBaHI MHOXKUHH, 1HTErpaibHa cyMa Uil (GYHKITIT

n

S(x.3.2): @ > R swae wurnan: o(f,(P.(E.7.8))= 2 (& Y (B) ((§7. ;) ~ oGpani 1ouku s P,).

i=1

B upomy Bumanky / mosnadaioors | = I” f X y,zﬁxdydz 1 HAa3UBAIOTh NOMpitiHUM inHmezpaiom Bif GYHKIII
f(x, ¥, z) na muoxuni ® C R .

5. Hexait EC R", E — obmesxena i BumipHa 3a XKopnarnom (ky6oBana), iR(E) — anreOpa KyOOBaHMX I1IMHO-

*nHBE, a ,U(A) —00’eM A4, ne A — kyboBaHa miaMHOxHHA £. Toji, TOBTOPOIOYN MIpKYBaHHS MPUKIaAiB 3 14, 1is

yukuii [ (xl,...,xn):E — R orpumaemo 1 || | Sl x, oy dx,,, sxnit HASMBAKOTE n-kpamuum inme-

epanom Bin Gyukuii f (x1 yens xn) Ha MHOKMHI E cR".

Hoeepx%teeuﬁ inmezpan. Posrisnemo B R" F—Ky6oBaHy 0051acTh, cTaHapTHa Mipa Jlebera— 06’ eM B n-BUMipHOMY
IIPOCTOpi, TOAI OICPIKYEMO KpaTHHi iHTerpan B R".

Hexan B 3aJaHa MMOBEPXHS , TIPOCKIIis SIKOT Ha TIONHHY XOY — xBagpoBana 3aMKHEHa 00J1acTh
DcR’ . [Ipu upomy Gymemo MPUITYCKaTH, 1O noBepxus @ B KOYKHIF TOYI[l Ma€ TOTUYHY IUIOIIUHY (2 3HAYMTB 1
HOpMaJIb), TOOTO nudepeHiiioBaHa B KOXHiN To4Lli obnacti D (yHKIis, 10 3a/1a€ 1aHy moBepxHro. e o3Hadae, mo
B KOXHIM TOYIlI 005acTi D iCHY€E OKiJI, B IKOMY TIOBEPXHS BIIPI3HAETHCS BiJl JOTHYHOT IJIONIMHY (B JaHii TOYIli) Ha
HECKIHYCHHO MaJly O1JIbIII BUCOKOTO MOPSKY, HIXK JTIaMETpP OKOJTY.

Kpim Toro, Gyaemo mpumyckary, oo HopMaib 10 moBepxHi @ HemepepBHIM YHHOM 3MIHIOETHCS, SIKIIO OCHOBA
11 HemepepBHO MEPEMIIIYETHCSI TI0 TIOBEPXHI 1 MpsiMa, mapaiiesbHa oci OZ, Mo MpoXoanuTh Yepe3 JAO0BIIbHY TOUKY
obiacti D, nepetuHae nmopepxHto @ B ofHiif ToYII, TOOTO poekTyBaHHS @ Ha D — B3a€MHO-OIHO3HAYHE Bilo0Opa-
JKCHHSL.

Toni ¥ : D — @ — romeomopdiszm, skuit 3aiicHIOE TPOEKTYBaHHAM D Ha IUIOIIUHY XOY Ha anre6pi R
kBazposanux migvuoxun P pusHauena mipa S ( A) ( Ae if{) — myoma i S H |COSU|dxdy IMpryomy
yC1 YMOBH Ha anredpy i Mipy BUKOHYIOTHCSL.

Ipunycrimo, mo Ha nosepxti P 3anana nenepepena pysxuis F (x, y, Z) , TOJl, 3T1THO 3 BHUIIC 3a3HAYCHUM,
icHye iHTerpan Pimana ” F (x, v, z)dS, SIKUM OyneMo Ha3UBATH HOGepXHesuM inmeepanom Bia QyHKUii F 1o
moBepxHi @D . ?

Kpusoninitinuii inmezpan. Hexaii 3anana nyra AB — R* i v:AB— [a,b] — romeoMophisM, SIKAH 3IiHCHIOE

IIPOEKTYBaHHIM Iyru AB Ha Bick OX. Ha anreOpi R CIPSIMHUX JyT (MAMHOXMWH) TyTH 4B BU3HaU€HA IPUPOIHA
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Mipa — JIOBXKHUHA IyTH [ ( A) = I ; dx , VA e R . Hpu nipomy anreGpa R 1 Mipa 3aJI0BOJILHSIFOTH BCIM
v ‘cos (n, y)‘
yMOBaM O3HaueHHs inTerpainy Pimana. [lpumyctumo, mo B310Bk ayru 4B 3anana HenepepsHa QyHKiis | (x, y) ,

TO/I icHye iHTerpan Pimana J‘ f (x, y) dl , sxuit 6ynemMo Ha3mMBaTH Kpusoninitinum inmezpanom 1 pody Bin Gynkmii

fB310BXK yru AB. a»

)dl

3ayesaoicenns. Ha Bigminy Bif inTerpanxy Pimana, Ha BinpisKy I f (x’y )dl = I f (x’ Y)al tomy B interpani
AB BA

CIpaBa HIDKHS TPAHUIIS MEHIIA 32 BEPXHIO, HE3AJICXKHO Bl 00XOy Bif 4 10 B 4 HaBIaKH.
Hexaii3zagana nyra 4B, 110 B3a€MHO-OJJHO3HAYHO TPOECKTY€ETHCS HA [Cl , b] oci OX. Po3miisiHeMo QyHKIIIFO f (x ) y)

BU3HAYEHY B3/I0BK AyTH AB. Po3i6’emo myry AB nyramu A A, i=1,...,k—1 i o6epemo (<§,»,77i) € 4,4,,,, Toni

-1
cyma O (f 9(P »(‘5 977))) = Zf (é,-ﬂ],—)Ax,-, R’ sasuse coboro IHTerpaibHy cymy Juisi iHTerpany Pimana Bif
i=0

GbyHKIiT S (xa y ) , 110 BU3HAUeHa Ha MHOXKUHI X = AB. [lpu nipomy anredpa ER( %) — MHOXKHHH, TPOCKIIi SKAX
CTIBMAAIOTh 3 MHOKMHAMH i3 CTAHAAPTHOI BUXigHOT anre6pu R Ha miinTepsai [a,b), a mipa nyru 4,4,

nopisaioe Ax;, =X, , —X,.

1

Skmio icHye BiAMoBiIHUE iHTerpan PiMana, ToO MU Horo Oy/ieMo Ha3MBaTH Kpusoninitnum inmeepanom 11 pody

BiJ pyHKIIT f (x, Y ) B3IIOBXK 1yTU AB nipu nepexoni Big 4 1o B. I mo3zHaunmo I f (X, y ) dx . AHAaJIOr14HO, SKIIO

AB
B iHTerpalbHiil cymi 3amicts AX; B3sTH Ay, = y,,, — ¥, otpumaemo kpuBoiHiitHNM iHTerpanoM 11 poxy Bix GyHK-

it f (x, y) B3JIOBXK JIyru AB 1ipu niepexoi Bix A 10 B. | mo3Hayumo j f (x, y)dC .

[TepeBaru Takoro miaxomy BBeACHHs iHTerpanty Pimana HOS[CHIOIOTﬁZéSI THM, IO KpaTHi, IOBEpPXHEBI Ta KPUBO-
JiHIHHI IHTerpaiy BIUCYIOTHCS B IaHy CXeMY Ta OEP)KYIOThCs, TAKUM YHHOM, B SIKOCT1 MPUKJIAAIB 32 BiAMOBIAHOTO
BHOOpY mpocTopy Ta Mipu. Came TOMY TaKHid ITiIX1J1 MiJ] 9ac MiArOTOBKH MaOyTHIX BUUTEIIB MATEMATHKU CIIPUSIE
npogeciiiHiil opieHTallil HABYaHHS MaTEeMAaTHYHOTO aHAi3Y.
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Camoitnenxo B. I, I'pucopvesa B. b. Ocodennocmu eeedenus nouamusn unmezpana Pumana npu npenooasanuu
MAMeMamuuecKo20 aHanu3a Gyoyuwum yuumensm Mamemamuxu.

Cooepoicanue mamemamuyeckoi n0020MOEKY OYOYWuUX yuumenetl MameMamukiL 6 6blCUUX Nedd202UYECKUX YUeOHbLX
3A6€0CHUSX CYUWECTNBEHHO OMIUYACCS. OM COOEPIUCANUS. NOO2OMOBKU CREYUATUCHIO8 8 KIACCUYECKUX U MEXHUUECKUX
VHUeepcumemax. Jmo ces13aHo ¢ mem, Ymo QyHoamMenmanbHas MamemMamuieckds no020moeKa 6yoyue2o yuumens mame-
Mamuku 00ndcHa obecneuums OelcmeeHnble 3HAHUA, d MAKd’Ce NPOPECCUOHATbHbIE KOMNEMEHYUU, KOMOPbLe BLIXOOAM 34
npedenvl wKkoIbHo20 Kypca mamemamuru. Cpedu Oucyuniut, Komopvle obecnedusaion (yHOaMeHmaibHylo Mamemanu-
YeCcKyI0 N0O20MOBKY, eoyijee 3HAYEHUe UMeen MameMamuieckuil anams. B cmamve na npumepe paccmompenus KoH-
Kpemnozo 60npoca 0aHHO20 Kypca onpedeienbl MameMamuieckue acnekmol, Kacarouuecs 0cobeHnocmeil npenodasanus
Mamepuana ¢ yuemom mpeboeanuil, npedvagIieMblX Ce200Hs K NPOYeccy NO020MOBKU CReYUAIucmos 6 obracmiu 0opazo-
sanus. Paccmompeno ssedenue nonsmus unmezpana Pumana 0ns oynxyuil, 3a0aHHbIX HA MEMPUYECKUX NPOCMPAHCMEAX
¢ mepoi. [peumywecmea makoeo nooxoda 00wACHIEMC s mem, Ymo KpamHwle, NOGEPXHOCMHbIE U KPUBOIUHEIHbIE UHIME-
2Panbl BNUCHIBAIONICSL 8 OAHHYIO CXeMY U NOAYUAIOMCS, MAKUM 00PA30M, 8 Kauecnee npumepos npu coomeemcmeyioumem
8b1O0OpE NPOCMPANCINGA U Mepbl.

Knrouesvie cnosa: mamemamuueckas no020mosKa Oyoyuux yuumenei Mamemamuxy, QyHKyus, 3a0aHHas Ha Mempuye-
cKOM npocmpancmee ¢ mepou, unmezpain Pumana.
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Samoylenko V. G., Hryhorieva V. B. Features of the introduction of Riemann integral concept at a mathematical
analysis for future teachers of mathematics.

The article deals with the methodical features of the introduction of the concept of the Riemann integral in the course of teach-
ing the course of mathematical analysis in the pedagogical specialty. The future teacher of mathematics must obtain a basic math-
ematical training, which will provide him with effective knowledge, professional competences, beyond the boundaries of the course
of mathematics that is taught in school. Mathematical analysis plays a leading role in the training of future mathematics teachers.
In the article, on the example of consideration of a particular issue of this course, mathematical aspects related to the peculiarities
of the teaching of the material are determined, taking into account those requirements that are being made today to the process of
training specialists in the field of education. We consider the introduction of the concept of the Riemann integral for functions given
on metric spaces with measure. The advantages of this approach are explained by the fact that multiple, surface, and curvilinear
integrals fit into this scheme and are thus obtained as examples, with the appropriate choice of space and measure.

Key words: mathematical preparation of future teachers of mathematics, mathematical analysis, function given on metric
space with measure, Riemann integral.
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MPUHIMIIN OPTAHU3ALIUU TPOLIECCA OBYYEHHUS AHIVIOSI3BIYHOI JEJIOBOI
MUCBMEHHOM PEYU BYAYIUX CYIOBOAUTEJEN

Paccmampusaemces npoonema odyyenus anenosa3vlyHol 0e1080 NUCbMeHHOU peul 6yoyuux cyoogooumenetl. Bvisensaiomes
U 060CHOBBIBAIOMCSL OUOAKMUYECKUE NPUHYUNDLL OP2AHUZAYUU NPOYECccd 00VUeHUs aH2NO0A3LIYHOU Oel0B0l NUCbMEHHOU peyu
CReYUAUCTIO8 MOPCKO20 (DIOMA, d UMEHHO: 63AUMOCES3U O0YUeHUsl U 6OCNUMAHUS, HAVYHOCMU U3YHAeMO20 MAmepuaid,
HA2ISLOHOCIU 8 NPE3EHMAYUY U3YUAEeMO20 MAMEPUAIA, NOCIE008AMENbHOCTU 8 0OYYEHUU U3YYAeMO20 MAmepuald, 00CHYNHO-
cmu 0Jisl YCBOEHUsl MAMEPUALA, NPOYHOCTNU COXPAHEHUSL U3YUEHHO20 SI3bIKOBO20 U PeYeso20 MAMEPUAIA 8 NAMIM, Npagomep-
HOCMU nepexo0d K U3yHeHuIo Kadicool credyiowell 4acmu s3b1K08020 U Peuedo2o MAMepudid npu yCiouu ux OmHoCUmMenbHoO
NOMHO20 YCBOEHUs!, AKNYAIbHOCHIU U3YHACMO20 COOEPICAHUSL, UHMESPUPOBAHHO20 00YyHeHUs. [lanHble NPUHYUNbl U CMbICI080€
cooepacaniie npogeccuonanbHol deamenvHocmuy 0YOyuux cyoogooumerneli 0becneuusarom ocHogy 0 paspadomKy coomsem-
cmeyroujetl IUH800UOAKMUYECKOU MOOeNU Npoyecca 00y4eHUs.

Knrouesvie cnosa: npogheccuonanvroe obyuenue, Memoouxa 06yueHus, aHeloa3bluHas 0en08ds NUCbMEHHAs. pedb, NPUHYU-
nbl Opeanusayuy npoyecca odbyyerus, 6yoyuue cyoo8ooumei.

(cmammio nooano Moo opuzinaiy)

[IpakTHueckoe BiaIeHHE HWHOCTPAHHBIM SI3BIKOM JUISI MPO(PECCHOHANBFHOTO OOMICHUS SIBISICTCS OJHUM H3
MoKasaTelel KOHKYpPEHTOCITOCOOHOCTH Ha COBPEMEHHOM pBIHKE TpyAa, IMOATOMY OOydYeHHE S3BIKY CTaHO-
BUTCSI TIPHOPUTECTHBIM HAIlpaBICHHUEM CHCTEMBI BBICIIEr0O IpodeccrHoHaabHOro odpazoBanus. Ocoboe 3HaucHHE
MMeEET UHOS3bIYHAS MTOJITOTOBKA CIEIIMAIMCTOB MOPCKOTO TPAHCTIOPTA. AHITIMCKHIA S3bIK BBICTYIIACT S3BIKOM MEXK-
JlyHapOJHOTO MOPCKOTO OOIICHUS, U, CIEIOBATEILHO, SBISICTCS BaKHEHIIIEH COCTABISIONICH MPOQEeCCHOHAIBHOM
JeSTeTbHOCTH MOPSKOB. [IpakTrka npernogaBaHns HHOCTPAHHOTO S3bIKa HA MOPCKHX CIEIUAIBHOCTAX HATJISITHO
CBUJIETENIBCTBYET O TOM, YTO ()aKTHUECKUN YPOBEHbB BIIaJICHHS S3bIKOM BBIMTYCKHUKAMH 3a4aCTYIO HE COOTBETCTBYET
BBIIBUTAEMBIM MIPOrPaMMHBIM TPeOOBaHUSAM M TpeOOBaHUSIM, KOTOpbIE ompeaeseHbsl MexayHaponHoii KonpeH-
uueit “O moAroTOBKE M TUIUIOMUPOBAHUHN MOPSIKOB U HECEHUM BaXThl .

B KonBeHIuM yka3aHo, 4TO CYIOBOTUTENb IOJDKEH 3HATh, KaK HAO “BECTH KOMMYHHKAIHIO <...> ISl obec-
nedeHnst 0e30TacCHOCTH YEIIOBEUECKON KM3HU M COXPAaHHOCTH MMYIIECTBA, <...> CHIDKCHHS PHCKA ONIHOOK IpH
niepenade napopmarmu” [3, ¢. 506], ynpaBieHus onepalysMH CyJIHA, CYJIOBBIMA YCTAHOBKAMH M MEXaHHU3MaMH,
HABHUTAIIHOHHBIMHU CHCTEMaMH H IPHOOPaMH, YIPaBICHHS JBIDKCHUEM BOIHOTO TpaHcmopTa. K ero KommereHmn
OTHOCSITCSI BOIIPOCHI BEACHUS JICIIOBOH MEPENICKH C TIOPTOBBIMH BIACTSIMH, CYIOBIAICIbIIaMH, TPEACTABUTEISIMU
MOPCKHX KOMIAHUH, areHTaMH, IOPUIMICCKIMH JTUIIaMH.

[ToaToMy BO3HUKIA HEOOXOMUMOCTh Ka4€CTBEHHOW MPO(EeCCHOHATBLHON TMOATOTOBKU OYIyIUX CIIeIHaINC-
TOB MOPCKOTO (pJIOT@ B COOTBETCTBUH C MEXYHAPOIHBIMU CTaHAAPTaMHU B cepe MUChbMEHHOTO OOIIEHUS, a COO-
TBETCTBEHHO, U Pa3pabOTKU COOTBETCTBYIOIIEH MeTOAUKH oOydeHus. OmHako Jito0as METONUKA, TPEXkJIe BCEro,
OCHOBBIBACTCS Ha OMPEICICHHBIX AUJAKTHYECKUX TPUHIIMTIAX.

[ToaToMy neJibo0 Hauleii paéoThl ObUIO BBISIBUTH NUAAKTHUYECKUE TPUHIUIIBI OPraHU3aluu poLecca 00yyeHHs
AHTIIOS3BIYHOM J1eI0BOM MUCHbMEHHOM pedr OyIyLIMX CYJOBOIUTENEH.

Opranuzanus y4eOHOrO Hpolecca BCeraa IMPOUCXOMUT IO OMpPEACTICHHBIM HpUHOUNaM. [lox mpuHIHIaMu
00ydeHH s TOHUMAFOTCST UCXOTHBIC ITOJIOKEHHSI, KOTOPBIC OIPENEIIIOT Pa3IMIHbIC aCIEKTHI O0YyUCHUS — COIepIiKa-
HHUE, METOIBI, CpeACTBa, (popMbI. J[MmaKTHUECKUE MPHHIUIBI OTPAXKAIOT 00IIHe TpeOoBaHUS K (HOPMHPOBAHUIO
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