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An infinite set of hyperparallelepipeds in Euclidean arithmetical space is considered. Each
hyperparallelepiped is closed. It is defined by five parameters. They are the sequence order number and
quadruple of positive integers, giving two numerators and two denominators of two fractions. These
fractions are such that the numerator is always less than the denominator. One fraction is subtracted
from the sequence order number, another one is added to this number. The denominators are raised to
the power which is actually that sequence order number. As a case study, the union of those
hyperparallelepipeds is found. The goal is to ascertain whether the ordinary Lebesgue measure of the
hyperparallelepipeds’ union is finite and, if finite, to calculate it. Besides, it is tasked to find any
overlappings within the infinite set of hyperparallelepipeds by the constrainted fractions. In the
beginning, concepts of overlapping and nonoverlapping are stated. Overlapping and nonoverlapping are
conceived at various levels. Number of these levels is defined by the Euclidean arithmetical space
dimension. Nonoverlapping, however, does not specify overlapping in lower dimensions. The
nonoverlapping is perceived at a level implying the simpler nonoverlappings which correspond to higher
dimensions. Thus, nonoverlapping is specified not through all the levels, but just at the basic level which
is not implied elsewhere. Further, conditions of when overlapping exists are stated in four theorems. It is
revealed that only single overlapping can be, and only first two numbered hyperparallelepipeds can
overlap. The ordinary Lebesgue measure of the hyperparallelepipeds’ union is always finite. Both for
nonoverlapping and overlapping, two formulas for calculating the measure are stated. In the conclusion,
it is mentioned about three cases when each hyperparallelepiped is open or half-open. In these cases,
hyperparallelepipeds cannot overlap at a single point. Nonetheless, the measure calculation formulas
hold.
Key words: infinite set of hyperparallelepipeds, union, overlapping, finite Lebesgue measure.
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PaccmarpuBaercsi 6ecCKOHEUHOE MHOXKECTBO THIIEpIApAIICIICIIUIICOB B eBKIMIOBOM apH(pPMETHIECCKOM
npoctpanctBe. Kaxxaplii runepnapaiienenunes 3aMkayT. OH omnpenensiercs no mnsaty napamerpam. Umu
SIBIISIFOTCSL TIOPSIIKOBBIA HOMEP TIOCJEIOBAaTEIbHOCTH M YETBEPKA IOJIOKHUTEIbHBIX LENbIX YHCe,
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JAIOUIMX JIBa YUCIMTEIS U J(Ba 3HAMEHATEJs JIBYX ApoOel. DTH ApoOM TAaKOBBI, YTO YHCIHUTENL BCETAaA
MeHbIe 3HaMeHaTe 1. OHa ApoOb BEIYUTACTCS U3 MOPSIKOBOIO HOMEpa MOCIIeIOBATEIbHOCTH, Apyras
— npubaBisieTcss K 3TOMY HOMepy. 3HaMEHATeNI BO3BOJATCS B CTEIEHb, KOTOPOIl SBISETCS TOT XKe
NOPSAAKOBEIA ~ HOMEp  IociemoBaTelbHOCTH. Jg  HWccienoBaHWS — HaxXOmWTCs — OObEJUHEHHE
paccMaTpHBaeMbIX THIIEpIIapauiesienunenoB. Lenb cocTOUT B BBLSICHEHUH TOTO, SIBIETCS JIM OOBIYHAS
neberoBa Mepa 00beIMHEHUs THIlepIapauIesIeIINIeI0B KOHEUHOH, 1, €ClIM OHa KOHEYHa, He00XOJ1MMO
e€ BeIYMCIUTE. KpoMe Toro, cTaBUTCS 33/laHHe HANTH BCSKUE TEPEKPBITHS B OECKOHEYHOM MHO)KECTBE
THIepHapauieNielIMIIeIOB MPH HaKJIaJAbIBAEMbIX OrpaHMYEeHUSX Ha JpoOu. Bnawane wnznararorcs
KOHLEMIMN TEPEeKPBITHSI W OTCYTCTBUSI TEpeKpbIThs. [lepekppiTHE M OTCYTCTBHUE NEPEKPBITHA
NOHMMAIOTCA Ha PA3NUYHBIX YpPOBHAX. KOJHMYecTBO ATHUX YpOBHEH ompenensercs pa3MEepHOCTHIO
eBKIIMIOBOTO apudMeTnueckoro mpocrpaHcTBa. OJHAKO MO OTCYTCTBHIO HEPEKPHITHS HEIb3s TOYHO
ONPENeNUTh HAJIWYUE [EPeKPBHITHS B  HIDKHUX  pasMepHOCTAX. OTCYTICTBHE — IIEPEKPBITHA
BOCIpHHMMAeTcs Ha TakoM ypOBHE, TIle MOApa3syMeBalOTca Oojiee  NPOCTBIE  CiIydau
HEMEePEeKPHIBAIONINXCS TTOJMHOXKECTB, YTO COOTBETCTBYET BBICIIMM pa3MepHOCTsIM. COOTBETCTBEHHO
OTCYTCTBHUE TEPEKPBITHS ONPEIEISETCS HE M0 BCEM YPOBHSIM, a TOJIBKO Ha OCHOBHOM YPOBHE, KOTOPBIH
He moJipazyMeBaetcs rae-nmmoo emE. Jlanee ycioBusl TOro, KOrja MepeKphiTHe CYLIECTBYET, N3/1araloTcs
B 4eThIpEX TeopeMax. OKa3pIBaeTCs, YTO MOKET OBITh TOJIIBKO OJIHO MEPEKPHITHE, U TOJIBKO JIBA HEPBBIX
THIIEpIIapajulelIennela  MOTYT — IepekpbiBaThcs. OObaHas  neberoBa Mepa  OOBEIUHEHHUS
THIeprapaiie]ieiIe OB Bceraa KoHewHa. UM 1 citydash OTCYTCTBHS NEPEKPBITHSA, M UL Cllydas
NEPEKPBITUS. MPHUBOAATCA JBE (OPMYJBI, IO KOTOPBIM BBIYHCIACTCS dTa Mepa. B 3akioueHUH
YIIOMHHAETCS 0 TPEX CiIydasx, TAC KaXIblil THIeprapauIeNieuIel OTKPBIT WIK MOIYOTKPHIT. B oTHX
clydasx TuIeprapauleenIuIe bl He MOryT IEpEeKpbhIBaThCS JIUIIbL B ONHOM Touke. Tem He MeHee,
(OpMyIIBI TSl BBIYMCIICHHSI MEPBI OCTAIOTCS B CHIIE.
Knouesuie cnosa: beckoneunoe MHOMCECMBO cunepnapaiienenunedos, odveounenue, nepekpvimiue, KOHeuHasl
nebezosa mepa.

YMOBH NEPEKPUTTS B OJJHIA HECKIHYEHHI MHOXKHWHI
TI'MEPITAPAJIEJIEIIIIEJAIB B EBKJIITOBOMY APUOMETHYHOMY ITPOCTOPI
I CKIHYHEHHA MIPA JIEBET A IX OB’€JHAHHSA
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PosrnsmaeThcss HecKiHUCHHa MHOKHHA TilepHapalieNiemine/iB B apU(PMETHIHOMY EBKIIJJOBOMY
npocropi. Koxxen rinepnapanenernines 3aMKHyTHH. BiH BU3HavaeThes 3a °AThMa nmapamerpaMu. Humu
€ TIOPSIKOBUI HOMEp IOCIiIOBHOCTI Ta YETBIpKa JOJATHUX LUIMX YHCEJI, IO AAIOTh /1Ba YHCEIbHUKH 1
JiBa 3HAMCHHUKH JBOX 1pOOiB. Lli 1po0K € TakMMH, 1O YHCENBHUK 3aB3K/M MCHIINI 33 3HAMCHHHK.
OzmuH 1pi6 BiIHIMAETBCS BiJ TOPSJKOBOTO HOMEPA MOCIHIJOBHOCTI, IHIIMI — J0Ja€ThCS 10 LBOTO
HOMepa. 3HAMEHHHKH MITHOCATBCS JI0 CTEEHs], IKUM € TOH e MOPSIKOBUIl HOMep MOCioBHOCTI. [{ms
JIOCITIDKEHHSI 3HAXOIUTHCs 00’ €JHaHHS JaHUX rineprapaerenineaiB. Mera mnojsrae y 3’siCyBaHHi TOTO,
4H € 3BUYaiiHa ieberoBa Mipa 00’ €THAHHS TilepHapaeNerine/1iB CKiHYeHHOIO, 1, K10 BOHA CKiHYCHHA,
HeoOXigHo ii oOuncnuTH. KpiM TOro, CTaBUTHhCS 3aBHAHHS 3HAUTH BCSKI MEPEKPUTTS Y HECKIHYCHHIH
MHOXHHI Tilleprapalenierine/IiB 32 00OMexXeHb, 1[0 HAKIaIalThCs Ha Apo0i. CIovaTKy BHKIATAFOTHCS
KOHIICTIIIT TEPEKPUTTS 1 BIACYTHOCTI MEePeKpUTTS. [IepeKpuTTs 1 BiICYTHICTD MEPEKPUTTS PO3YMIIOTHCS
Ha pi3HUX piBHIX. KinbKicTh IUX pPIBHIB BU3HAYAETHCS PO3MIPHICTIO apu(METUYHOIO EBKIJIIJIOBOTO
npocropy. Ilpore Nmo BiCYTHOCTI MEPEKPUTTS HE MOXKHA TOYHO BU3HAYMTH HASBHICTH HNEPEKPHUTTS B
HIDKYUX PO3MIPHOCTSIX. BiICYTHICTD MEPEKPUTTS CHPUIMAETHCS HA TAKOMY DIiBHI, Jie MalOThCsI Ha yBasi
MIPOCTINI BHIMAAKH IMiAMHOXHH, KOTpI HE MEPEKPHBAIOTHCS, IO BiAMOBINAE BHIINM PO3MIPHOCTSIM.
BinnoBigHo BiACYTHICTh NEPEKPUTTS BUSHAYAETHCS HE 10 BCIX PIBHSX, a JIMIIC HA OCHOBHOMY piBHI,
SKHH HEMOMKIIMBO BH3HAYMTH JECh B IHIIOMY MiCLi. YMOBH TOrO, KOIM IEPEKPHUTTs ICHYE, aaii
BHKJIAJ[AI0ThCsl B YOTHPBOX TeOpeMax. BUsBIs€ThCs, 1O MOKE OyTH JIMIIE OJHE NEPEKPHUTTS, i JuIe
JIBa TepIli Tinepnapajeieninenqd MOXYTh IEepeKpHUBaTHCS. 3BHYaliHa JeberoBa Mipa 00’e€QHAHHS
rinmepnapanenernine1iB 3aBX/A1 € CKIHYeHHO0. | U1 BUMIaIKy BiACYTHOCTI MEPEKPHUTTS, 1 U1 BUIAIKY
MIEPEKPHUTTS HABOAATHCS NBI (GOPMYIH, 32 SKUMHU OOUHMCIIOETHCS I Mipa. Y BHCHOBKY 3Taye€ThCS TPO
TPH BUNAIKH, 1€ KOXXEH Tileprapaleserninesl € BiIKpUTHM a0 HamiBBIAKPUTHM. Y IUX BHIAJKaX
rimepmapanenernined HE MOXYTh HepeKpuBaTHCS nume B ofHiM Toumi. [Ipore dopmymn mns
00YHCIICHHS! MipH 3QJIUIIAIOTHCS B CHUTL.
Kniouosi cnosa: neckinuenna muodICUHA 2inepnapaneneninedis, 00 €OHAHHA, NepeKpumms, CKIHYeHHA
nebezosa mipa.

AN INFINITE COUNTABLE NONOVERLAPPING ELEMENTS COVER PROBLEM

The set cover problem issues from combinatorics, computer science and complexity theory [1, 2].
Set packing is the dual problem of the set covering [3, 4]. It is a special case when the cover is of
infinite countable number of subsets. The set cover problem relates to many similar and dual
problems [3, 5, 6], e. g. hitting set, vertex cover, edge cover, set packing hereinbefore mentioned,
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maximum coverage problem, dominating set, exact cover problem, closest pair of points problem,
nearest neighbor search, etc. However, sometimes it is desirable that any couple of elements in the
infinite countable cover have the empty intersection. Such a problem of the infinite countable cover
of nonoverlapping elements may be relevant to practicing when the covering (or tiling) must have
streaks or strata [7, 8].

INFINITE LEBESGUE-MEASURABLE COVERINGS
IN EUCLIDEAN ARITHMETICAL SPACE

If aset AcR* by KeN can be formed from closed or open sets through finite or countable
number of operations of unions, intersections, and differences (relative complements), then A is a

Borel set [9]. Each Borel set in R* is measurable [9]. However, an infinite covering from Borel
sets may not have the finite Lebesgue measure.

For the case study, consider the infinite union

P:Of({n—z—’;;n+%}cRK 1)

k k

of a sequence of hyperparallelepipeds by some parameters

{a. b, ¢, d,} (2)

in the k-th dimension. Speaking generally, these parameters can be taken as real numbers. And
then the covering (1) may not have the finite Lebesgue measure in R* for a very wide range of
cases. If parameters (2) are positive V k =1, K then a class of infinite coverings (1) having the

finite Lebesgue measure is obviously narrower. The cases when the covering (1) turns finitely
Lebesgue-measurable constitute a pretty narrow class for integer parameters (2). Beyond finite
measurability, another question is whether the infinite countable cover (1) is the union of
nonoverlapping elements.

THE ARTICLE GOAL AND ITS TASKS

For definiteness, we take all the parameters (2) in each dimension as natural numbers, which,
however, are constrained by the denominators in the statement (1):

a,eN, b eN, ¢, eN, d eN, a <b, ¢ <d, Vk=1K. 3)

The cover (1) is Borelean and thus is p . -measurable [9]. Denote the n-th hyperparallelepiped as

P, )({ bn,n+5} (4)

By denotation (4), we have to ascertain whether the measure of the cover (1) is finite and

o ()= [Oa}iugx(m ®)

or not, i. e. are there any overlappings within the infinite set of hyperparallelepipeds {Pn}:’:1 by (3)?

Here, the overlapping is understood in the sense of the ordinary Lebesgue measure in R* . The
strict concept of overlapping should precede conditions of when overlapping exists. The number of
the existing overlappings must be estimated. Finally, it ought to be noticed how the measure

k.« (P) should be calculated.
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CONCEPTS OF OVERLAPPING AND NONOVERLAPPING

If there is no overlapping, the measure is o -additive and (5) is true. The overlapping, however, can

be conceived at various levels. Even if K =1, the segments {Pn}:;l may be nonoverlapping in two
ways. The neighboring segments P, and P, either do not touch each other ¥ n=1 0 or

dne {1_00} such that they have just a single common point (possibly, not for any n).
The condition
Mo (P,NP,)=0 ¥n=Loo and Vn,=n+1 00 (6)

requires that there would not be R* -overlapping. Let the statement (6) be the condition of
R* -nonoverlapping. This is the simplest nonoverlapping. Although, there may be more strict
requirements, that there would not be R -overlapping:

{P,NP R and p, (P,NP,)=0
vn=Low and Vn,=n+L o for qe{L K|. (7

The statement (7) is the condition of R9-nonoverlapping. The most strict requirement is
&-overlapping, i. e.

P.NP, =& vn=Low and Vn,=n+1 o (8)

meaning that those hyperparallelepipeds J-overlap. Else they overlap at least at a single point (SP).
Clearly, J-overlapping implies SP-nonoverlapping, and SP-nonoverlapping itself implies

R?-nonoverlapping for qe{l,_K}, and R?-nonoverlapping implies R?"'-nonoverlapping for

q e{l, K—l}. Nonoverlapping doesn’t specify overlapping (surely, in lower dimensions).

For instance, R -nonoverlapping implies either SP-overlapping or J-overlapping, and
R*-nonoverlapping may be followed with R -overlapping, SP-overlapping, or &-overlapping.

Consequently, the nonoverlapping is perceived at one of its K+1 levels implying the simpler
(corresponding to higher dimensions) nonoverlappings. Thus, when stating about nonoverlapping, it
IS going to be specified not through all the levels, but just at the basic level which is not implied
elsewhere. And when it is spoken that there is no overlapping at a level then this is the
nonoverlapping at that level.

CONDITIONS OF WHEN OVERLAPPING EXISTS
Theorem 1. If there is no overlapping in the k -th dimension at some n=n, (#, € N) within the

infinite set {Pn}:ll of hyperparallelepipeds (4) by (3), then there is no overlapping for n>n,.

Proof. In the k -th dimension, denote the difference between the left end of the (n +1) -th segment
and the right end of the n-th segment:

s(k, n)=n+1—b‘3ﬁ1—[n+%]=l—[ban§l+%j. (9)
k k k

If at some n =n, there is no R* -overlapping, then

3 koe{l,_K} such that s(ky, ny)=0 (10)
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and
% %

+
ny+1 n

=1 (11)

by (9), while
s(k, 1) <0 by ke{{L K\ {k}}.

By constraints (3), we have obvious inequalities

b > b and dF*" >dp by meN (12)
letting conclude that
a a C C
n ffﬁ-m nkil and nk:)-m < kr:) ' (13)
by> by? d d>
Consequently,
a'k Ck a'k Ck
0 0 0 0 — 1 . 14
bl?;+1+m dl?;+m bl?;ﬂ dl?; ( )
From the double inequality (14) we get
a Cy,
bn0+l+m + dn0+m <1 (15)
ko Ko
and
s(ky, Ng+m)>0 by meN, (16)
Therefore,
. (B,NP)=0 Vn=ny,o and Vn,=n+1 c. (17)

If there is no R9-overlapping at some n=n,, then we have different K—-q-+1 indices

{ké”}K_q+l c {1_K} such that

j=1
s(kéj>,no)=0 Vij=LK-q+1 (18)
while

s(k,n,)<0 by ke {{L_K}\{k§j>}K_q+l}.

j=1

Then we take k, = kéj> and go through the deduction (10) — (16) V j=1, K—q+1. Finally,

{P,NP R and p (P, NP, )=0 Vn=n,o and Vn,=n+1 . (19)
If there is no overlapping at all, i. e.
I:)no ﬂ I:)n0+1 = @ ’ (20)

then
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s(kyy 5)>0 Vky=1 K. (21)
Subsequently, we have

% G

ny+1 No
bo™  dy

<1 (22)

and (12), (13), and

a C a C
ko ko ko ko
+ < +—2<1, (23)
bl?oo+1+m dl?;er bl?ooJrl dl?;

whence (15) and (16) issue. Eventually,
R,NP, =& Vn=n,c0 and Vn,=n+1 oo. (24)

The theorem has been proved.

Theorem 2. If there is a couple of identical values among the numbers (3), then there is
&-overlapping within the infinite set {P,}” of hyperparallelepipeds (4) by (3).

Proof. Here, the four cases are to be considered:
Owing to Theorem 1, it is sufficient to disclose that

ak Ck
— 4+ = <1. 25
IOkz dk ( )

The inequality (25) means that s(k, 1) >0 and thus the condition (8) is true.
By b, =d,, in succession,

a, <b, %<%,
Kk k

a 1

<
b b,

C—"<—C"+1<1
~

k k

—t—<— <1,
b, b b b b
whence
a‘k Ck
£+ X <1, 26
b b, (26)

The inequality (26) by b, =d, is the inequality (25).

By a, =c¢,, in succession,

a, <b., a(a +1)<b?,

Dizuxko-mamemamuuni HayKu ISSN 2413-6549
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& ! i+1— !

5 < 'y = <1,
be a +1 by a, +1

a a
=4+ ——<1,
by a +1

1 1
dk>ak+l, _‘*<-\ ]
d, a +1

a a
kg ,
d,  a +1

a a4 9

a
I

<y A o
b.d, B oa ]

whence
ak

—2+i<1.
bk dk

The inequality (27) by a, =c, is the inequality (25).
By a, =d,, in succession,
a <b,, a’<b?,

a—;<i, a—';—i+1<1,
bk ak bk ak
3 g1

<1,
b &

whence

The inequality (28) by a, =d, is the inequality (25).
By b, =c,, in succession,
a, <b 1,
a, (b +1)< (b, —1)(b, +1),
a, (b, +1)=b; <(b, —1)(b,+1)—b; =—1,

a (b +1)=b; _ (b =1)(b+1)=b; 1
bi(b,+1)  ~ bi(b+1) b (b, +1)"

Bicnuk 3anopizvekozo nayionanvsnozo ynieepcumemy
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a |1 <(bk—l)(bk+1)—b,f 1

b b+l B (b +1) B (b +1)

a1 (=D 1

k. < =l-—— <1
B b1 B(b+1) B (b +1)

o, b (=DBHD-b 1
bk2 bk +1 = b,f (bk +1) bl-(z (bk +1) ’

whence

X+ X <1, (29)

The inequality (29) by b, =c, is the inequality (25).
The theorem has been proved.

Theorem 3. If b, >c., then there is J-overlapping within the infinite set {P}” of
hyperparallelepipeds (4) by (3).

Proof. Here,
b} > ¢’
and
a a
bk (&)

Using the inequality (29), see that

whence the inequality (25) issues.
The theorem has been proved.
Theorem 4. If
a, <b <c, <d,, (30)

then there can be an overlapping within the infinite set {Pn}w of hyperparallelepipeds (4) by (3),

n=1
and this overlapping is of P, and P,, and this overlapping is the single only.

Proof. It is sufficient to consider a counterexample:

Dizuxko-mamemamuuni HayKu ISSN 2413-6549



Visnyk of Zaporizhzhya National University. Physical and Mathematical Sciences

a, +ak+2_a,f+5a,f+8ak+2_ a, -1 -
(a,+1) @ +3  a +5a;+7a, +3 a +5a +7a, +3
and
a, a +2

+ >1 by a, =1.
(ak+1)2 ak+3 y k

The inequality (31) confirms that the inequality

a, ¢
< 4+>1
bk dk

221

(31)

(32)

is possible by (30), and thus an overlapping of hyperparallelepipeds P, and P, exists. If a, =1 then

either SP-overlapping or R?-overlapping of P, and P, is possible for g {1, K —1} .

For proving that the overlapping is the single only along the k -th dimension, we have to show that

s(k,n)>0 by n=2,.

For this, it is sufficient to show, owing to Theorem 1, that

ak Ck
—+=X<1.
b} df
As
a, <b —-1, ¢, <d, 1,
then
a, ¢ b -1 d. -1 b d 1 1
wESTE T e TG
k k k k k k k k
But
1 1
b, =2, b—fgz,
and
1 1
d >4, —<-—.
d, 4

So (34) is completed at the upper estimation:
b—-1 d -1 b d 1 1 1

~ '

- <Ayt =-—o
o4 b d b d 2

whence the inequality (33) is confirmed.
The theorem has been proved.

(33)

(34)

If there is R* -nonoverlapping within the infinite set {Pn}:’:1 of hyperparallelepipeds (4) by (3),

then the measure
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S VRS >y R e B CEV

n=I n=l k=1

should be calculated via expanding the product in the last term of (35) and finding sums of the
corresponding 2 geometrical progressions. For instance, when {Pn}n:1 are segments,

b P)= Y[ | D Y 0 e Y-

1 1 c a,
=¢| ——-1|+a| —-1|=—2—+ 2, (36)
' 1_i 1_£ dl_l bl_l
d, by
When {P,}" are rectangles,
- C cc ada ca - ac
J(P)= el ST 1~2 2 2 i b S
N P DYy YTy
o 1 - 1 o 1 o 1
=c,C, +a ——+ca +ac, y ——=
2efaay Loy e any e
C1C2 alaZ + Cla'Z + a1C2 (37)

= —+ .
dd,-1 bb,—1 db,—1 bd,-1

Generally,
K

ST er? .

where u, =c, and w, =d, if the k-th position of the binary code of the index j is 1, but u, =a,
and w, =b, if the k -th position of the binary code of the index j is 0.

If v k=1, K the condition (30) is true, and if p.. (BN 7 )# 0 then the measure

MRK(P):“RK[OPJ ZHR" n My PﬂP)

o K K 2% Huk K
Q2L R e LES S I
n=l k=l k k k=1 j=0 w, -1 k=1

by the {u,, w, } -convention following the formula (38).
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CONCLUSION

By constraints (3), the measure of the cover (1) is finite and the equality (5) holds under conditions
of Theorem 2 and Theorem 3. The value (38) is the measure of the union (1) of R*-
nonoverlapping hyperparallelepipeds. As an exception, there can be an overlapping of just
hyperparallelepipeds P, and P, by (30), and this overlapping is the single only. By the overlapping,

the measure of the cover (1) is calculated as (39).

A peculiarity of SP-overlapping concerns three cases when the n-th hyperparallelepiped (4) is
substituted with one of those hyperparallelepipeds:

P, X{n—ﬁ,n+c—k) P, X{n—ﬁ,n+c—k} P, X( b”’n+a}' (40)

k=1 k k=1 k k=1

In these cases, SP-overlapping doesn’t exist. Nonetheless, the measure calculation formulas (38)
and (39) hold for (40) as well.
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AHAJITUYHO-YMCEJbHA METOJIUKA PO3PAXYHKY JIOBI'UX
HEKPYT'OBUX HWJITHAPUUYHUX OBOJIOHOK 3 YPAXYBAHHSIM
JE®OPMALI MONEPEYHOI'O 3CYBY

Cropoxyk €. A., 1. ¢.-M. H., mpodecop, Komapuyk C. M., ITirons O. B., Suypa A. B.
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JlaHO TOCTaHOBKY i PO3pOOJICHO aHANITUYHO-YHCEIBbHY METONUKY PO3B’SI3aHHS 3aJa4 CTATHUKH JUIs
KOMITO3UTHUX HECKIHYEHHO JOBIMX LMJIIHAPUYHUX OOOJIOHOK HEKPYroBOrO IOIEPEYHOTO Mepepisy 3
HHU3BKOIO 3CYBHOIO KOPCTKiCTI0. OTPUMAaHO BHUPa3u JJIsl BHYTPILIHIX CHIIOBHX (PAKTOPIB 1 y3araJibHEHUX
nepeMillieHb 3aMKHEHOT 1 BiKpUTOI 000JIOHOK Ipu Aii KOMOIHOBAaHOrO HaBaHTaXEHHs. [HTerpanu y
BKa3aHMX BUpa3ax OOYMCIIOIOTHCS YHCENHbHO 3 BUKOPHUCTaHHIM Qopmyin Tpaneuiid. [IpexcrasieHo
YHCIIOBI PE3yJIbTaTH Uil OOOJIOHKH OBAJIBHOTO Mepepidy, HaBaHTAXKEHOI PIBHOMIPHMM BHYTPIIIHIM
THUCKOM.

Knrouoei  crnosa: 0oeea yuninOpuuna 0O6ONOHKA, HEKPyeogull NonepeyHuu nepepis, KOMOIHO8aHe

HABAHMANCEHHSL, YUCETbHE IHMeSPYBAHH S, (Popmyaa mpaneyiil.

AHAJIMTUHYECKU-YUCJIEHHAS METOJIUKA PACYETA JJIMHHBIX
HEKPYT'OBBIX IUJIMHAPUYECKHUX OBOJOYEK C YYETOM JE®OPMAIIUIA
IHNOINEPEYHOI'O CJIBUT'A

Cropoxyk E. A., 1. ¢.-m. H., mpodeccop, Komapuyk C. H., [Turons O. B., fAypa A. B.

HUncmumym mexanuxu um. C.I1. Tumowenxko HAH Yxkpaunuwi,
ya. Hecmepoea, 3, Kues, 03057, Yxpauna

stevan@ukr.net

Jana moctaHoBKa M pa3paboTaHa aHANWTHYECKU-YMCIICHHAs METOJMKA PEIICHHS 3a]1ad CTaTHKH I
KOMIIO3UTHBIX OECKOHEUHO JIMHHBIX IITHHIAPHIECKIX 0007I09eK HEKPYTOBOTO MOMIEPEIHOTO CEUCHHUS C
HU3KOH CHBHTOBOHM >KECTKOCTBIO. IlONydeHBI BBIpaXEHHS 1T BHYTPEHHUX CIJIOBBIX (DaKTOPOB M
00OOIIEHHBIX IEpEeMEIIEHNH 3aMKHYTOM M OTKPBITOW O0OOJOYEeK INpH IEHCTBHM KOMOWHHPOBAHHOW
Harpy3ku. VIHTerpansl B yKa3aHHBIX BBIPAKEHUSAX BBIYUCISIOTCA YHCICHHO C HCIOJIb30BaHHEM
¢dopmynbl Tpaneuwil. [IpencraBiieHbl YMCICHHBIE Pe3YNbTaThl IS OOOJIOYKH OBaJbHOTO CEYEHMS,
Harpy>XeHHOH PaBHOMEPHBIM BHYTPEHHHUM JaBICHHEM.

Kniouegvie crosa: onunnas yununopuueckas 060104Kd, HEKPYy208oe NONepeyHoe ceyenue, KOMOUHUPOBAHHAS.

HA2py3Ka, YUCIeHHOe UHme2puposanue, opmyna mpaneyuil.
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