
 !"#$$%&"'($)*'$$)+&,'- '.!& /!&012./!"13 1& 12-'4$13&/)-/),51
.)/!6$!(&.) #7!$

9. Khachiyan, E.E. and Ambarcumyan, V.A. (1981),  !"#$!%&'()!'*$+,'-!*(++./0
1'"!2*3*4'+.!!*('2($+(4+2)+(4!*[Dynamic models of buildings in the theory of seysmic 
stability], Moscow, Russia.

10. Khlevnyuk, T.V. (2009), “Increase of reliability of estimation of seismic 

safety of buildings with different level of the technical state at technogenic explo-

sions”, Thesis abstract for Cand.Sc. (Engineering.), 05.15.03, National Technical Uni-

versity of Ukraine "KPI", Kiyv, Ukrain.

11. Boyko, V.V., Kuz'menko, A.A., Khlevnyuk, T.V. (2008), “Evaluation of 

seismic safety of buildings at explosive waves influence on them taking into account 

their spectral descriptions”, 5.#"(#%4!+"(*+6*7#4!+"#-* 4'%&"!%#-*/"!3'.(!42*+6*8).#!"'*

9:;<9, ('.2#*9=+/"4#!"*>/(!"'((9, no.16, pp. 3–13.

12. Rilko, M. A. (1977), “About motion in the resilient environment of hard 

rectangular body under the action of flat wave”,  ='%&#"!%(*+6*(+-!,, no. 1, pp. 158–

164. 

8. Nagorniy, V.P. and Denisyuk, I.I. (2010), ?@'%4.2*!*!)&*@.!-+1'"!'*)*A#,#%&#$*

3A.23"+B+*,'-# [Spektra and their application to the problems of ezplosive works], Ki-

ev, Ukraine. 

68988:&;9<=>?@9&ABCAACDEAFC

G2.&HDBCAICEEA

 !"# $%&"'%(&)* $('!"& #+$,-.&.* $,-$/*0,*.,*
(-$,'.12*$+-)-%(')#.(#%#$&.,& $* 31,4-/',(* 

!)#$5,-%&!')'/*,,#+$('/!')-(1)-+
67  7$/89:;<=>:
$9J=K;9@L;M>&N;=OPQRM8P8&S7LO=ORLT9&UK@=8PV;=T9» 

ON@C&68PU9;9&,9;<PQMW&ADW&XC&7LO=OW&YZEAFW&GTQ9[;9C
-7 .7$3?9@AB=>CD$ 7 E7$F?G8H?;
2PQ\9O;M>&0$-&S$9J=K;9@L;M>&]=Q;M^M>&N;=OPQRM8P8» 

UQKRUC&.C 49QTR9W&AZW&XC&2;=UQKUP8QKORLTW&BZEEEW&GTQ9[;9C
E-mail: andrej_fartuschnij@i.ua, shap-ww@mail.ru***

 QP<R89O@P;=&X98PQ=9@M&PTRUPQMXP;89@L;MV&<KR@=<\P;L&UQKJPRN&8Q=_M;KN8`
OKQP;;:&O&TK;R8QNTJ=:V&=a&TKXUKaM8;K]K&X98PQ=9@N&bcP8K;N&a&UK@=XPQ;Kd&OR89O`
TKdeC&  KT9a9;KW& _K& O& <=9U9aK;=& 8PXUPQ98NQ& –2...+40 K6& X9f& X=RJP& =;8P;RMO;P&
8Q=_M;KN8OKQP;;:C&-QKc@P;K&OMR;KOKT&UQK&8PW&_K&UQM&UQKPT8NO9;;=&RNX=_P;MV&
gN;<9XP;8=O&8PU@KOMV&;9RKR=OW&O&:TMV&QKa89?KO9;=&U@9R8MTKO=&8PU@KKcX=;;MTMW&
;PKcV=<;K&OQ9VKONO98M&aNXKO@P;=&O=<X=;;=R8d&O&TKPg=J=f;89V&8PU@KOK]K&QKa?M`
QP;;:&<K<98TKO=&;9UQN\P;;:C

%;IJ8HK$ L;8H?M$ 8PU@KOM>& ;9RKRW& 8PXUPQ98NQ;=& <PgKQX9J=[& 89& ;9UQN\P;;:W&
8Q=_M;KN8OKQP;;:W& UK@=XPQ;9& 8QNcT9W& <K<98TKO=& aNRM@@:W& TKPg=J=f;8& 8PU@KOK]K&
QKa?MQP;;:C

6N^9R;=&QPRNQRKP;PQ]KacPQ=]9d^=&8PV;K@K]=[&]=Q;M^K]K&OMQKc;MJ8O9C&0MUNRT&2/2013(12).
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 "#N,#'$%&""'%(&)& $('!"& O+$,-.&.& 
,-$!)&2,&.(,O'$#$,'.1P#'$+-)-%(')#.(#%#$&.,& -,#Q$
#$31,4-/',(& $!)#$5,-%&!')'/',,O+$('/!')-(1)-+
67  7$/89:;<=>:
$9JMK;9@L;h>&N;MOPQRM8P8&S7LOKORT9:&UK@M8PV;MT9i&
N@C&68PU9;9&,9;<PQhW&ADW&]C&7LOKOW&YZEAFW&GTQ9M;9C
-7 .7$3?9@AB=>CD$ 7 E7$F?G8H?;
*KRN<9QR8OP;;h>&0G-&S$9JMK;9@L;h> ]KQ;h>&N;MOPQRM8P8i
UQC&.C 49QTR9W&AZW&]C&2;PUQKUP8QKORTW&BZEEEW&GTQ9M;9. 
E-mail: andrej_fartuschnij@i.ua, shap-ww@mail.ru
 QP<R89O@P;h& X98PQM9@h& jTRUPQMXP;89@L;hV& MRR@P<KO9;M>& UQKJPRR9& 8QP`

_M;KKcQ9aKO9;M:& O& TK;R8QNTJM:V& Ma& TKXUKaM8;K]K& X98PQM9@9& bcP8K;9 R& UK@M`
XPQ;K>&OR89OTK>eC& KT9a9;KW&^8K&O&<M9U9aK;P&8PXUPQ98NQ&–2...+40

K6MXPP8&XPR8K&
M;8P;RMO;KP&8QP_M;KKcQ9aKO9;MPC&6<P@9;&OhOK<&K&8KXW&^8K&UQM&UQKPT8MQKO9;MM&
RKOXP_P;;hV&gN;<9XP;8KO&8PU@KOhV&;9RKRKOW&O&TK8KQhV&Q9RUK@K\P;h&U@9R8M`
TKOhP&8PU@KKcXP;;MTMW&;PKcVK<MXK&N^M8hO98L&KcNR@KO@P;;hP&Q9a@M^MPX&O&TK`
jggMJMP;89V&8PU@KOK]K&Q9R?MQP;M:&<KUK@;M8P@L;hP&;9UQ:\P;M:C

%;IJRHSR$ L;8H?M 8PU@KOK>&;9RKRW& 8PXUPQ98NQ;hP& <PgKQX9JMM&M&;9UQ:\P`
;M:W& 8QP_M;KKcQ9aKO9;MPW& UK@MXPQ;9:& 8QNcT9W& <KUK@;M8P@L;hP& NRM@M:W& TKjg`
gMJMP;89V&8PU@KOK]K&Q9R?MQP;M:C*

*
#."G#7k$)6"k& /#,)"l. 0& ;9R8K:_PP& OQPX:& O& jTK;KXM^PRTM& Q9aOM8hV&

R8Q9;9VW& 89TMV& T9T& *PQX9;M:W&#OR8QM:W&mOPJM:W& %UK;M:& M<P8& cNQ;KP& Q9aOM8MP&
8PV;K@K]MM&K8KU@P;M:&M&TK;<MJMK;MQKO9;M:& a<9;M>&M& RKKQN\P;M>& R&MRUK@LaK`
O9;MPX&8C;C&8PU@KOhV&;9RKRKO&nA–5].

2@:&RUPJM9@MR8KO&O&Kc@9R8M&]PKXPV9;MTM&M&gN;<9XP;8KR8QKP;M:&j89&8PV;K`
@K]M:&UQP<R89O@:P8&M;8PQPR&O&8KX&RXhR@PW&^8K&OhUK@;P;;hPW&T9T&UQ9OM@KW&Ma&UK`
@MXPQ;K]K& X98PQM9@9& 8PU@KKcXP;;MTM& Q9aXP_9d8& @McK& O& KR;KO9;M:VW& @McK& O&
cP8K;;hV& bM@M&\oce& JKTK@:V& a<9;M>W& @McK& O& cP8K;;hV& bM@M&\oce& gN;<9XP;89VC&
 QM& j8KX& O& a9OMRMXKR8M&K8& QP\MX9&Q9cK8h& 8PU@KOK]K&;9RKR9& UQKMRVK<M8& @McK&
;9]QPOW&@McK&KV@9\<P;MP&KR;KO9;M:C

0&j8K>&RO:aM&UQP<R89O@:P8&M;8PQPR&KJP;M8LW&;9RTK@LTK&cN<P8&RT9ahO98LR:&;9&
8QP_M;KR8K>TKR8M& cP8K;;hV& j@PXP;8KOW& O& TK8KQhV& Q9RUK@K\P;h& UK@MXPQ;hP&
j@PXP;8hW&Q9a@M^MP&O&MV&ROK>R8O9VC

0& ]QN;8KOhV& KR;KO9;M:& UQM& Q9cK8P& 8PU@KOhV& ;9RKRKO& OKa;MT9d8& 8PXUPQ9`
8NQ;hP&UK@:&nHW&YpC& KRTK@LTN&TKjggMJMP;8&@M;P>;K]K&Q9R?MQP;M:&b.7"/e&UK`
@MXPQKO&cK@L?P&.7"/&cP8K;9&;9&EWICCCD&<PR:8M^;hV&UKQ:<T9&b89c@C AeW&9&XK<N@M&
c_P>& <PgKQX9JMM& j8MV& X98PQM9@KO& K8@M^9d8R:& O& AWCCCAE& Q9aW& O& RKOXP_P;;hV&
gN;<9XP;89V& UQM& UK<OK<P& bK8OK<Pe& Ma& ;MV& 8PU@9& ;PMacP\;K& cN<N8& OKa;MT98L&
8PXUPQ98NQ;hP&;9UQ:\P;M:&M&<PgKQX9JMMC

)c& 9T8N9@L;KR8M& <9;;K]K& ;9UQ9O@P;M:& ]PKXPV9;MTM&M&gN;<9XP;8KR8QKP;M:&
ROM<P8P@LR8ONP8&8K8&g9T8W&^8K&U@P;9Q;h>&<KT@9<&;9&8PXN&RKOXP_P;M:&TK@@PT8K`
QKO&8PU@KOhV&;9RKRKO&R&KR;KO9;M:XM&M&gN;<9XP;89XM&;9&AB&<N;9>RTK>&POQKUP>`
RTK>&TK;gPQP;JMMW&ch@&<K@K\P;&UPQOhX [6].
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"9c@MJ9 1 – 4K<N@M ;9^9@L;K>&<PgKQX9JMM&M&TKjggMJMP;8h&@M;P>;K]K
Q9R?MQP;M:&cP8K;9&M&UK@MXPQ;hV&X98PQM9@KO

$9MXP;KO9;MP&X98PQM9@9 .7"/VAE6W&q6-1 'VAE-3
,4 9

,P8K; 10 7,...,21

 K@M9XM<&brse 110 20...35

 K@MOM;M@V@KQM<&brtue 50,4 24,...30

 K@MR8MQK@&brve 70 30,...,33

 K@MjR8PQ 123,5 13,...,45

 K@Mj8M@P;&brwe 200 5...10

xP;K@&- gKQX9@L<P]M<;9:&RXK@9 135 80

yUKTRM<;9:&RXK@9 55 21,...,55

5P@L& Q9cK8h – KUQP<P@P;MP& O@M:;M:& a;9TKUPQPXP;;hV& 8PXUPQ98NQ& ;9& 8QP`
_M;KKcQ9aKO9;MP&cP8K;;hV&j@PXP;8KO&gN;<9XP;89C

4#"'/!#7& !& /'-G7k"#"l& !667'2)0#$!3C $PKcVK<MXK Oh:OM8LW&
T9TMX&KcQ9aKX&M&;9RTK@LTK&8PXUPQ98NQ;hP&<PgKQX9JMM&M&;9UQ:\P;M:&O@M:d8&;9&
UQKJPRR&KcQ9aKO9;M:&O&RKOXP_P;;hV&TK;R8QNTJM:V&cP8K;;hV&M&\P@PaKcP8K;;hV&
gN;<9XP;8KO&8PU@KOhV&;9RKRKO&8QP_M;C

yTRUPQMXP;89@L;hP&MRR@P<KO9;M:&OhUK@;:@MRL&O&89TK>&UKR@P<KO98P@L;KR8MC
AC&0;9^9@P&UQM&8PXUPQ98NQP&KTQN\9d_P>&RQP<h&t0

= 20 +C ch@M&Ma]K8KO@P`
;h&cP8K;;hP&KcQ9aJh&Ma&cP8K;9&;9&UKQ8@9;<JPXP;8PC&/9aXPQh&KcQ9aJKO&RKR89OM`
@M&HEVHEVBEE XX bQMRC&Ae. 

/MRN;KT&A&– )cQ9aJh&Ma&TKXUKaM8;K]K&X98PQM9@9&bKc_M>&OM<e

DC&0&T9\<KX&Ma&;MV&ch@9&UKXP_P;9&M&a9TQPU@P;9&8QNcT9&Ma&UK@Mj8M@P;9&<M9`
XP8QKX&FE&XX&M&8K@_M;K>&R8P;TM&AWI&XX&bQMRC&DeC

6N^9R;=&QPRNQRKP;PQ]KacPQ=]9d^=&8PV;K@K]=[&]=Q;M^K]K&OMQKc;MJ8O9C&0MUNRT&2/2013(12).
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/MRN;KT&D&– /9RUK@K\P;MP&O&cP8K;;KX&KcQ9aJP&UK@MXPQ;K>&8QNcTM

FC& KR@P&;9cKQ9&cP8K;KX&UQKPT8;K>&UQK^;KR8MW&RKK8OP8R8ONd_P>&T@9RRN&cP`
8K;9&0ADWI&^9R8L&Ma]K8KO@P;;hV&89TMX&KcQ9aKX&KcQ9aJKO&bRXC&UCUC&AW De&;9]QPO9`
@9RL&<K&8PXUPQ98NQh&zBE+C C&"9TMX&KcQ9aKX&XK<P@MQKO9@9RL&RM8N9JM:&UPQP]QPO9&
RKOXP_P;;K]K&gN;<9XP;89&UQM&Q9cK8P&8PU@KOK]K&;9RKR9&O&QP\MXP&TK;<MJMK;M`
QKO9;M:C

BC&  QM& j8KX& ^9R8L& Ma]K8KO@P;;hV& O& RKK8OP8R8OMM& R& Ma@K\P;;K>& Oh?P& bRXC&
UCUC&AW De&XP8K<MTK>&KcQ9aJKO&Ma&TKXUKaM8;K]K&X98PQM9@9&KV@9\<9@9RL&<K&8PXUP`
Q98NQh&–2+C C&"9TMX&KcQ9aKX&XK<P@MQKO9@9RL&RM8N9JM:&KV@9\<P;M:&RKOXP_P;`
;K]K&gN;<9XP;89&UQM&Q9cK8P&8PU@KOK]K&;9RKR9&O&QP\MXP&K8KU@P;M:C

0RP]K&ch@K&MRUh89;K&AD&KcQ9aJKO& bMa&;MV&H&?8NT&UK<OPQ]@MRL&;9]QPONW&9&H&
?8NT&- KV@9\<P;MdeC

,P8K;;h> KcQ9aPJ& :O@:@R:& XK<P@Ld& gQ9]XP;89& gN;<9XP;89W& 9& UK@MXPQ;9:&
8QNcT9W&Q9aXP_P;;9:&O&KcQ9aJPW&XK<P@MQKO9@9&TK@@PT8KQ&8PU@KOK]K&;9RKR9C&

,h@K&NR89;KO@P;KW&^8K&UQM&;9]QPOP&KcQ9aJKO&;9&zDE+C O&MRUh89;;hV&KcQ9a`
J9V&KcQ9aKO9@MRL&RTOKa;hP&8QP_M;h&bQMRC&Fe. 

/MRN;KT&F&– 6TOKa;hP&8QP_M;h&O&KcQ9aJP&Ma&TKXUKaM8;K]K&X98PQM9@9&UKR@P
P]K&;9]QPO9&<K&8PXUPQ98NQh&zBE q6&M&KV@9\<P;M:&<K&8PXUPQ98NQh&zDE q6

6N^9R;=&QPRNQRKP;PQ]KacPQ=]9d^=&8PV;K@K]=[&]=Q;M^K]K&OMQKc;MJ8O9C&0MUNRT&2/2013(12).
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#;9@K]M^;9:&T9Q8M;9&MXP@9&XPR8K&UQM&KV@9\<P;MM&KcQ9aJKO&Ma&TKXUKaM8;K`
]K&X98PQM9@9&bQMRC&BeC

/MRN;KT&B&– 6TOKa;hP&8QP_M;h&O&KcQ9aJP&Ma&TKXUKaM8;K]K&X98PQM9@9&UKR@P
P]K&KV@9\<P;M:&<K&8PXUPQ98NQh&–2 q6&M&;9]QPO9&<K&8PXUPQ98NQh&zDE q6

"9TMX&KcQ9aKX&jTRUPQMXP;89@L;hX&UN8PX&ch@K&<KT9a9;K&O@M:;MP&8PXUPQ9`
8NQ;hV& ;9UQ:\P;M>& M& <PgKQX9JM>& ;9& KcQ9aKO9;MP& 8QP_M;& O& OhUK@;P;;hV& Ma&
TKXUKaM8;K]K&X98PQM9@9&c9@K^T9VC

29@PP& ;9XM& ch@9& R<P@9;9& UKUh8T9& 8PKQP8M^PRTK]K& XK<P@MQKO9;M:& OhUK@`
;P;;hV&;9XM&MRR@P<KO9;M>C

2@:& KUMR9;M:& ROK>R8O& UK@MXPQ;K>& 8QNcTM& M& cP8K;;K>& ^9R8M& c9@K^TM& ch@9&
MRUK@LaKO9;9&XK<P@L&@M;P>;K>&NUQN]K>&MaK8QKU;K>&RQP<h. 

/9R^P8&OhUK@;:@R:&R&MRUK@LaKO9;MPX&UQK]Q9XXh&{7MQ9{C
 QM;:89:&;9XM&<@:&XK<P@MQKO9;M:&;9UQ:\P;;K&– <PgKQXMQKO9;;K]K&RKR8K:`

;M:&c9@K^PT&Ma&TKXUKaM8;K]K&X98PQM9@9&Q9R^P8;9:&RVPX9&UQP<R89O@P;9 ;9&QMRC&IC&

/MRN;KT&I&– .&KUQP<P@P;Md&8PXUPQ98NQ;hV&;9UQ:\P;M>&O&TKXUKaM8;K>
TK;R8QNTJMM&bQ9R^P8;9:&RVPX9e

$9&QMR. H&M&Y&UQP<R89O@P;h&Q9R^P8;hP&KRPOhP&RM@h&M&Ma]Mc9d_MP&XKXP;8hW&
<P>R8ONd_MP&O&TKXUKaM8;hV&c9@K^T9VW&OKa;MT9d_MP&UQM&MV&;9]QPOPC

6N^9R;=&QPRNQRKP;PQ]KacPQ=]9d^=&8PV;K@K]=[&]=Q;M^K]K&OMQKc;MJ8O9C&0MUNRT&2/2013(12).
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/MRN;KT&H&– $KQX9@L;hP&NRM@M:W&OKa;MT?MP&O&cP8K;;K>&^9R8M&c9@K^TM
Ma&TKXUKaM8;K]K&X98PQM9@9&UQM&PP&;9]QPOP&;9&zDE q6

/MRN;KT&Y&– !a]Mc9d_MP&XKXP;8hW&OKa;MT?MP&O&cP8K;;K>&^9R8M&c9@K^TM
Ma&TKXUKaM8;K]K&X98PQM9@9&UQM&PP&;9]QPOP&;9&zDE&q6

/9RR^M89;;KP&UK&gKQXN@9X&R@K\;K]K&RKUQK8MO@P;M:&X98PQM9@KO&X9TRMX9@L`
;KP&UK&XK<N@d&Q9R8:]MO9d_PP&;9UQ:\P;MP&O&TQ9>;MV&OK@KT;9V&cP8K;;K>&^9R8M&
c9@K^TM&σ |&ZWD&4 9&> >4D |&AWE&4 9C

#;9@Ma&UQP<R89O@P;;hV&;9&QMRN;T9V&<9;;hV&UKaOK@M@&;9X&R<P@98L&R@P<Nd`
_MP&OhOK<h}

– UQM&;9]QPOP&MXPP8&XPR8K&Q9R8:\P;MP&cP8K;;K>&^9R8M&TKXUKaM8;K>&c9@K^TM~
– 89TMX&KcQ9aKXW&O&<9;;KX&R@N^9P&MXPP8&XPR8K&Q9aQN?P;MP&cP8K;9&M&KcQ9aK`

O9;MP&O&;PX&8QP_M;C
$9&QMRC&�&M&Z&UQP<R89O@P;h&Q9R^P8;hP&KRPOhP&RM@h&M&Ma]Mc9d_MP&XKXP;8hW&

<P>R8ONd_MP&O&TKXUKaM8;hV&c9@K^T9VW&OKa;MT9d_MP&UQM&MV&KV@9\<P;MMC  

/MRN;KT&�&– $KQX9@L;hP&NRM@M:W&OKa;MT?MP&O&cP8K;;K>&^9R8M&c9@K^TM
Ma&TKXUKaM8;K]K&X98PQM9@9&UQM&PP&KV@9\<P;MM&;9&–22 °6

/MRN;KT&Z&– $KQX9@L;hP&NRM@M:W&OKa;MT?MP&O&cP8K;;K>&^9R8M&c9@K^TM
Ma&TKXUKaM8;K]K&X98PQM9@9&UQM&PP&KV@9\<P;MM&;9&–22°6

6N^9R;=&QPRNQRKP;PQ]KacPQ=]9d^=&8PV;K@K]=[&]=Q;M^K]K&OMQKc;MJ8O9C&0MUNRT&2/2013(12).
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#;9@Ma& UQP<R89O@P;;hV& ;9& QMRN;T9V& <9;;hV& UKaOK@M@& ;9X& R<P@98L& 89TMP&
OhOK<h}

– UQM&KV@9\<P;MM&MXPP8&XPR8K&R\98MP&cP8K;;K>&^9R8M&TKXUKaM8;K>&c9@K^TM~
– Q9RR^M89;;KP& UK& gKQXN@9X& R@K\;K]K& RKUQK8MO@P;M:& X98PQM9@KO& X9TRM`
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This work includes experimental research materials for the cracks formation pro-

cess for composite material (concrete with a polymer insert). It is shown that in the 

temperature range of –2…+40 °C there is a intense cracks formation process. It is con-

cluded that the extra tension, caused by difference in coefficients of thermal expan-

sion, must be considered while designing of foundations combined with heat pump 

collectors in which there are plastic heat exchangers.

Key words: heat pump, thermal deformation and stress cracking, plastic tube, ex-

tra effort coefficients of thermal expansion.
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