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HocmimkeHo BILIMB MiHEpaJIbHUX HAIOBHIOBAYIB Ha MPOMECH MCHUIAIl MeXaHIYHOl eHeprii B
reTeporeHHUX MOJIMEPHUX CHCTeMaX Ha OCHOBI HOJIBIHLIXJIopHay. Ha ocHoBl Momest i30TpoImHAX
HieJIeKTPUKIB MPOBEIEHO TEOPETUYHI OIIHKU MOTJIMHAHHA YJIbTPa3BYKOBUX XBIJIb 3 YPAaXyBaHHAM

yTpaTr Ha PO3CIIOBAHHI.

KuamouoBi ¢jioBa: MBHUOKICTH ITO3O0BAKHBOI ii IOIEpeYHO]l yIbTPa3BYKOBUX XBWJIb, AMHAMITHI
MonyJtl gedopMaliil, KoedlieHTH MONTHHAHHSA MTO3I0BKHIX 1 IMONepeYHnX yIbTPa3ByYKOBUX XBUJIb.

PACS number(s): 61.41.4¢

BCTVII

Y nmocmmkeHH] (DISHIHIX BJIACTUBOCTER 1 BUBUEHHI
6YIOBY MOJIIMEPHUX CHCTEM BaiKJIMBE 3HAYEHHS MAIOTh
aKyCTHYIHI METOIM, B TOMY UHCJI B ILAAHIN YJIBTPa3By-
KOBHX YaCTOT, AK1 6a3yIOThCA Ha BUMIPIOBAHHI IITBHIKO-
cTu il MoTIMHAHHA TPYXRHUX XBUJIh. [lepeBara nmux MeTo-
JIIB MOJIATAE B TOMY, 10 BOHE JO3BOJIAIOTH BUBYATH CH-
JIOBE ToJIe MOJIEKYJT, AKe 3yMOBJTIOE MIBUAKICTE 3BYKY, Ta
iX B3aeMHE PO3MIIIEHHA, KIHEMATHKY i THHAMIKY pyXy
KIHETHIHUX OIWHHUIL, OTPAMATH 1H(pOpPMAIIo Ipo BHYT-
piliHIO cTPpYKTYpY cuctem [1,2].

fAxmo B mosiMepHiit cucTeMl 30yIKYIOTHCA BII 30B-
HIIIHBOTO JEKEpesa 3BYKOBI KOJUBAHHA, TO BOHH CTBO-
PIOIOTH Yy HABKOJHITHBROMY CEPEIOBHIIl TPYKHI HATPY-
JKEHHS, 9K1 3yMOBJIIOIOTH HOIMIUPEHHA KOJIUBAHD y TIPOC-
TOpi. B yabTpasByKOBUX HOCJIIIKEHHAX MPU BUKOPUC-
TaHHI XBUJIb MaJUX aMILTITY KOMIOHEHTH TeH30pa Ha-
Ipy&KeHb 1 medopmaliil 3HaXOOATHCA B MeXKax 3aKOHY
I'yka. IIpn Takux medopmaliigax, 3HAOUHA IIBHIKOCTI MO~
HIPEHHA 3BYKOBUX XBUJIb Y TMOJIMEPHUX CHCTEMAX, BHU-
3HaYaloTh KoHcTaHTH .Jlame, a BIOMOBIAHO i B dA3KO-
IPYKHI MOIYJI MOJTIMEPHUX KOMIIO3HINIHAX MaTeplsIiB
[3,4].

[Momupertass TPYXKHUX XBUJIb y TETEPOTEHHHUX IO-
JIMEPHUX CHCTEeMaX CYIPOBOKYEThCA MOTTHHAHHAM
akycTuaHOl eHeprii. OIHIE 3 TOTOBHUX TPUYUH PO3CI-
IOBaHHA # MOTJIMHAHHSA 3BYKY € BHYTDIlIHE TepTe (B aA3-
KIiCTB).

OCHOBHUM Pe3yJIbTaTOM TPOBEIECHUX EKCIEePUMEH-
TaJbHUX TOCTIKEHD TEMIIEPATYPHOI 3aJ€KHOCTH B 3~
KOCTH, NIBUAKOCTH MOMUPEHHS MO3MOBKHBOI I motteped-
HOl 3BYKOBHUX XBHWJIb, BLANOBIIHIX KOEMIMIEHTIB MOMJIN-
HaHH, & TAKOXK TAaHI'€HCa MEXaHIYHUX YTPAT € BUCHOBOK
Mpo Te, MO B MOJIMEPHUX CHCTeMaxX HAdBHUHN IyXKe IIu-
POKmii criekTp dacy penakcarii [5].

Busnadenua KoedimieHTa MNONVIMHAHHA 3BYKOBHUX
XBWJIb y JIUCIEPCHUX cucTeMax [6] 403BOJIde BCTAHOB-
JIIOBATH KOPEJAIII0 MIZK TEPMOANHAMITHIMHE i KIHETHY-
HUMH TTapaMeTpaMH TaKUX CHCTEM 1 IXHBOIO H6YI0BOIO.

PosBuToK HeJIHIHOI aKyCTHKE KOHAEHCOBAHUX Cepe-
noBull [7] naB 3MOry 3po0HTH BaKIUBHUH BUCHOBOK IIPO
Te, 1O IOPAI 13 FeOMETPUYHOIO HasBHA 1 CTPYKTYpPHA
HEJTIHITHICTD, AKa 3YMOBJIEHA PI3HOTO POAY AedeKTaMu
i HEOTHOPIAHOCTAMHE CTPYKTYPU MaTEPisdiy.

Merta 1miel poboTn TMoadArae B TOMY, IIOO TOCTIINTH
BILJIUB BHCOKOIUCIEPCHUX MIHEpPaJbHUX HAIOBHIOBAYIB
Ha MPOIECH AUCUTAIIl MeXaHIIHOl eHepTll B HATIOBHEHNX
HOJIIMEPHHUX CHCTEMAX.

I. EKCIIEPUMEHTAJIBHA YACTHUHA

3a ocHOBHHIl 00’eéKT HOCJIIKeHHs OyB BHOpaHHWH JIi-
HIFHII THYYKOJAHITIOTOBHH TOJIMep — TOJIBIHLAXJIO-
puz (TIBX) cycrnensiiinoi mosimepusanii mapku C-65, i-
HifiHOl 6yI0BH, OUNIIEHAN TTepeoca ;KeHHAM 13 PO3INHY,
IO JO3BOJIIIIO MO30yTHCA HUIBKOMOJEKYIAPHIX JOMI-
IIIOK, 3aJUMIKIB IHIIIATOPA, eMYJIbIaTopa, 3aXMCHIX KO-
goimis. Mosekyngpra Maca IIBX ckuamae 1.4-10°, a
xoucTanTa @ikinTyepa — 65. HamosuioBavamu [IBX Bu-
KOPHCTOBYBAJIN BUCOKOIMCIIEPCH]I MOPOIIKH dhocdorincy
(®T'), Ak yTBOPIOETHCA EKCTPAKIIIHIM CIIOCOBOM TIPH
BUPOOHHUTITBEI pochOpHUX TOOPHUB y MPOIecl CipIaHOKIC-
JIOTHO1 MepepobKu amaTuTiB, (ochoputis. Kommosniii
OTPUMYBAJIH METOIOM rapadoro mpecyBaiHd B 1 — p pe-
KUMI IpH TPAMOMY 3MINIYBAHHI BHXIIHOTO TOJIMEpa 3
HaTOBHIOBaYaMu [8].

AxicTh 3pasKiB KOHTPOJIIOBAJN 3a ITOTMOMOTOI0 MeTa-
JorpadlIHOTO MIKPOCKOIA i yABTPa3sBYKOBOTO medex-
Tockoma. Ilpu Takomy crmocobl BBeIeHHA HAIOBHIOBAYA
it mpecyBaHHI 3pa3KiB BIIOYBAEThCA MOBHA KOAJECIIEH-
IMid 3epeH MoJIMepa, PIBHOMIPDHHI PO3MOALA HAIOBHIO-
Bada B MOJJIMEpHI MaTpHIll, 1 3pa3kKu I TOCTIIKEHD
OTPUMYIOTH Y BHUIVIAI MOHOJIITHUX TPO30PUX OTHOPII-
HUX OJIOKIB.

Bupuasm B’ askomnpyxul BaactuBocTi [IBX-kommosn-
ik 3a JOMOMOTOI0 yIbTPa3BYKOBOI YCTAHOBKH, IO Mpa-
IMI0€ 3a MPUHIUIOM IudEepeHIiaIbHOTO BHIPOMIHIO-
BaHHZ B IMIyJbcHOMY pexumi Ha gactoti 0.4 MT'm [9].
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[MIBuaKicTh MOMMPEHHA MO3MOBKHIX (v;) 1 momeped-
HUX (V) YIBTPAa3sBYKOBHX XBUJIb BU3HAYAIW 3MITHO 3
poboroto [10], a KoedillienTu NOrIMHAHHA MO340BKHBOI
(aq) 1 momepedHol (@v¢) XBUIH — 3a CHIBBLIHOIIEHHAM

1., Ag
oy = —In—— 1
P m
ae Ag — aMILTiTyda yJabTPa3sByKoBOl XBHJI B 1Mepclii-
HIfl pimwmi, A;; — aMIIITyIZa HO3IOBKHBEOL (momeped-

HOI) XBUJII T/ TPOXOIZKEHHA YePE3 3Pa30K.

3a BIAOMUME MIBHIKOCTAMHE U; 1 v 1 KoediIlleHTaMn
TOTVIMHAHHA ¢ 1 iy BU3HAYAJN OIicH] fi yaBHI 9acTHHI
MOIYJIIB TO3MOBKHBOL AedopMalrii:

2
1_ XUy
= 2D o)
1 (222)7]
20(11}1
B = i —— (3)

3CYBY:

W= pvi —5, (4)
(1<)
2004U¢
7= pvi - . : (5)

o06’emmol1 medopmarrii:

4
I(// — E// _ g/i//, (6)

K = p — %ﬂ/;

Jie p — TYCTUHA KOMIIO3HUITIL.
Ha ocHoBl MaTeMaTn4dHOl 06pOOKU PE3yAbTATIB IIPO-
BEIEHNX eKCIEPpUMEHTIB MOXUOKN BUMIPIOBAHHSA B A3KO-
HPYKHUX BJIACTHBOCTENR KOMIO3MIINA CKAANAIOTE: €, =

0.5%; ey, = 1.5%; £4, = 8.0%; €4, = 10.0%.

II. PEBVJIBTATH TA IX OBTOBOPEHHSI

Pesynbpratn ekcrmepuMeHTAABHIX TOCTIIKEHD IHHA-
migamx Momysip p', B/, K’ nokasanm, o B ALIAHII
ckjomnoaionoro crany mda cuctem [IBX+®I' Bxe mpn
BMmicTi mHamoBHoBada (@) 0.1-1.006.% cnocrepiraemo
SMIHM TIX BEJAWYNH MOPIBHAHO 3 BIANOBIAHUMH 3Ha-
YeHHAMM A7 BuxigHoro nosimepa (puc.l). Tak, mra
KOHIeHTpamiitHol 3amexkHocTn F/ Bij ¢ B ALAAHIL KOH-
nenrpaniii #HanopHOBada 0-1.006.% ®I' Gadumo picT
JTHAMITHOTO MOIYJIA MO3HOBKHBOI medopmarti. [ljra
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BlONOBiZHMX 3asexnocTelt p' Bim ¢ Ta K’ Bim ¢ xa-
pakTep e ckaagHimmMm. [Ipnm Beemerui ®I' B KiIBKOCTI
0.206.% nwHAMi9HMIT MOIYJIb 3CYBY 3pOCTa€ 3 HACTYTI-
HUM HE3HAYHUM 3MEHIIEHHAM TPHU 301bIIEHH] KOHIIEH-
tpamii Big 0.2-0.506.%. Hma K’ maiibinbmmii pict e
npu ¢ = 0.506.%. Takwnii xapakTep 3a/71eKHOCTH [iiic-
HUX YaCTUH IWHAMIYHUX MOMIYJIB CBIAYUTH PO CTPYK-
TYPHI 3MIHH Ha MeXl ToALTy (a3 moriMep—HaloBHIOBAY
[11]. 36inbleHHA KOHIEHTPAIII] HATIOBHIOBAYA B CHCTEMI
(¢ > 5.006.%) mpuBomuTh 10 3poctanua y', B (puc.2).
Ina sanexuoctn K’ Bim ¢ XapaKTepHHA MIHIMYM IpH
¢ =10.006.% ®T 1 makcumym mipm ¢ =24.006.% ®I.
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Puc. 1. KonnenrparjiiHa 3a/1eXKHICTE B A3KONPYRKHIX
Baractusoctedt cucrem [IBX4+®I mpn 7' = 293 K: 1 — E';
2 —pu';3—K.
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Puc. 2.

BiactuBoctreil cuctem [IBX+®I' B maaAHmi KoHIeHTparmi
1.0-500% mpu T'=293 K: 1 — E'; 2 — u/; 3 — K.

KomnmenTpariiina 3ajiexXHICTb B’ A3KONPYIKHAX

IIpo HagBHICTH CTPYKTYPHEX 3MIH, a BIATOBLAHO 1 3MIH
XapakTepy BHYTPIIIHBO- 1 MIZKMOJEKYJIAPHOI B3a€MO/Ili
BHACJIIOK BBEICHHA MIHEPAJBHHOTO HAMMOBHIOBAYA, CBII-
YUTH 1 3aJEKHICTH BEJWYUH YABHUX YACTHH MOIYJIIB
nosporkHROl gedopmarnii K7 1 p'. dx BagHO 3 puc. 3,
MiHIMaJIBHI 3HaveHHa E| p’ cmocrepiraemo B missHI
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kornerTpamniit ®I' 6mmspko 0.5-1.506.%. Ocklipkm Be-
smanan B p/' BAsHawaroThCA, B OCHOBHOMY, PyXJIH-
BICTIO CTPYKTYPHHUX €JIEMEHTIB MaKpOMOIEKY./ (HAIpH-
kian, aromanx rpyn CHy, CHCl um 6okoBuX Tpym), a
TaKOXK HAIMOJIEKYJISAPHIX YTBOPEHD, TO Tie BKa3ye Ha Te,
1[0 TpHW BBEIEHHI HE3HAYHOI YacTKW HANOBHIOBAaYa 3Mi-
HIOETBCA JKOPCTKICTH CTPYKTYPHHUX €JIEMEHTIB MaKPOMO-
Jekya. [IpuanHoto € yTBOPEeHHA MEKOBUX TAPIB, AK1 BU-
HUKAIOTh YHACTIAOK B3aEMOIll MAKPOMOJIEKYJT 3 TIOBEp-
XHelo HamoBHIOBada. HacaiaKkoM TaKol B3aeMoIll MaKpo-
MOJIEKYJI € 3MiHA ILJIBHOCTH YIAKOBKU 1 BIOPAIKOBA-
HOCTH PO3MIIEHHA CTPYKTYPHHUX EJIEMEHTIB MaKpPOMO-
JIEKyJT y nux mapax. 30uibirennd dacTtku @' B komimo-
sumiax [IBX+®T npusomnts mo spocranus u', B K",
110 BKa3ye Ha MiJCUJICHHA 1HTEHCHBHOCTH PYXY CTPYK-
TYPHUX eJeMEHTIB MaKPOMOJEKYJ Y MEKOBUX Iapax i
301IbIIEHHA AUCHTIATHBHUX YTpaT eHepril, Mo mepemac-
ThCH YIBTPA3BYKOBAMHI XBUJIAMH.

K107, 1/m E"-107,1/m?
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Puc. 3. Kounenrpamiitha sasnexnicts E'(1); K"(2); cuc-

Tem [IBX+OI npu T' = 293 K.

Hocnimxennsa temnepatypHol sagexuoctn ', B/ K’
anga puxignoro IIBX Ta cucrem T[IBX4®PI' moxasadio,
O OJIA PO3TJIAHYTHX MIAHOK KoHmeHTparii ®I' 3 mio-
BHIIEHHAM TeMIIEpaTypu BeJnauHa Moaysis u', B/, K’
smeHmyeThed. Tak, giaa cucrtem [1BX+306.% ®I sza-
snexHicTh B/ K’/ xapakTepnsyeThcsd CyTTEBUM 3MeHIIEH-
HAM THWX BEJUYUH y IJUIAHIN Temmepatyp 355-363 K,
TOOTO TIPH MEPEXOAL 31 CKIOMOMIOHOTO Y BUCOKOETACTHI-
HWiT cTaH, a OJId 3aJeKHOCTH p Takl 3MIHHM CIIOCTepi-
raemo mpu Temreparypl 323-333K, mo Bianosimae [-
nepexoiy Ajd nux cucrem [12].

I3 migBUIIEHHAM TeMIIepaTypu 3MIHIOEThCH i BHJL TEM-
nepatyphol sanexuoctn B p” K. Tak, nia cucrem
I[IBX+206.%®PT", IIBX+3% 06.®I", IIBX+5% 06. ®I mi-
HiMyM Beqmunan u” smimyerhed Ha 8-12K B GIK MeH-
IIMX TEeMIEPaTyp 3a BIAHOIIEHHAM O BIAMOBITHOL 3a-
JexHocTn a4 suxignoro [IBX, a MakcumMyM BeTnauHm
K" — pigmosigao ma 15-22K. 3cys miHIMyMIB 1 Mak-
CMMyMIB Ha TeMmIepaTypHiii samexnocti p”, K" s
[IBX-crcTeM TOPIBHAHO 3 BLATOBIIHIMHE 3a/IEZKHOCTAMMT
s BUXIZHOTO IOJIIMEpa IOACHIOETHCA PI3SHUMU MaK-
pockomuHrMET mpotecamu gedpopmaiii [IBX 1 mHamopme-

Hux cucteM. OCKIJIBKU B TOJIMED], 9Knii He mepebyBae
B CTaHl MEKOBOTO Iapy, CTPYKTYPHI 3MIHI He BIIOYBa-
1oThed [13], To 3MiHa xapakTepy mpomecis medopmaliil B
nanoBHeHUX [IBX-cucremMax 3yMoBJIeHA CTPYKTYpPHUME
3MIHAMH B CAaMOMY MEKOBOMY ILIapi.

Axio posTIgHYTH MEKOBHIL Map AK TaKWii, MO CKIa-
MA€ThCA 3 IBOX ALIAHOK — IMJIBHOL i PO3MYIIEeHol, TO 3
ypaxyBaHHAM TOTO, 1o Makpomoaekyau [IBX mMicTaThb
nossapai 6okosi rpymu (aromu Cl), a Ha moBepxui ®T
posmittytorhkes itorn Ca, P, F, Si, MmoxsmBe yTBOpeHHs
MIITHAX KOODAMHAIINHUK 3B d43KIB 3a THIIOM JIOHOPHO-
aKIEITOPHOI B3aeMomil. € MPUIYIIeHHs, IO aKIemTOPHL
IIEHTPH JOCTATHHLO TYCTO PO3MINIEH] Ha TOBEpXHI (oc-
dorincy, Tak MO eJTeKTPOHH AOHOPHOTO HIApy MEPEXO-
OATh V HalOIImKYuil akKImenToOpHu# MeHTp, pOo3MINIeHnH
HaBIPOTH JTOHOPHOTO; 3 YMOBH MIHIMYMY BLJIBHOI eHep-
ril, 3a BIAHOIIEHHAM /IO YHCJIA TPOPEArOBAHNX TOHOPHO-
aKIENTOPHUX Tap, 3HalimeMo CuaIm aaresil Ha MeXKI Mo-
Ty ToJIiMep-HamoBHIOBaY. Ij1a KIJIBKOCTH TaKUX Iap
n ~ 101 — 103 omimka cwam amresiit mae 3HaYEHHT
105 H/m2.

3 iHmoro GOKy, OIHKY CHJI B3a€MOMIl HAa MEXKI IMOo-
a1y bas moiMep—HalOBHIOBAY MOKHA 3POOHTH, AKIIO
BBayKaTH, 1O Ha MOBEDPXHI HAOBHIOBAYA ATOMH, MOJE-
KyJII MaloTh HILJIBHY YIaKOBKY, TO KILIBKICTH IEHTPIB
B3aeMoii nopisuioe N &~ 4R? /7“2 , 1e R — pamyc gac-
TUHKHA HalloBHIOBada, r — JIHIAHI POo3MIpH aToMa 9n
MOJIEKYJIM YaCTHHKHW HAIOBHIOBadYa. BBazkaroum, 1o Ha
NoBepxHI HamoBHIOBada IcHye 1-2% axTWBHHX HEHTpPH,
AK1 MOXKYThb B3a€MOMIATH 31 CTPYKTYPHUME €JTEMEHTAME
MakpoMosiekyJl [14], MoxkHa 3HAliTH cyMapHy CHIIy B3a-
€MO1L:

bN
F=> F, (7)
i=1

Ie b — BU3Haya€ YacTKy CTPYKTYPHHX €JIEMEHTIB IIO-
BEPXHI, Kl B3a€MOMIIOTDH 31 CTPYKTYPHUMHE e€JIeMEeHTaMK
MaKpOMOJIEKYJI; F; — 3HaYeHHA ONMHUIHOl CUJIA B3a-
eMmomii. s BCTaHOBJIEHHSI 3HAYEHHS ITEl CHJIM BHKO-
PHCTOBYEMO MIKYIACTUHKOBHI (MIZKCTPYKTYpHHIT) TO-
renuian Jlennapna-dxonca [4]. Toni:

-] ®

ne my = 12, ms = 6, Ny — KIJIBKICTB CTPYKTYPHUX €Jie-
MEHTIB MaKpOMOJIEKYJI, PO3MIIIEHNX Ha BLAIAJI 7 Bl OC-
HOBHOTO TIeHTpa. FKIMO TpH o3I MIZKMOJIEKYIISAPHOL
B3aeMOJIii B MexROBOMY mapi (ocobamBo mpm peasisarii
BOJIHEBHX 3B’A3KIB) BUKOPHCTATH HOTeHIiAn Mopse, To
cuiia, 3 AKOW0 Tell CTPYKTYPHUH eJIeMEeHT B3aeMOJIiE 3
MOBEPXHEIO HAMOBHIOBAYA, CKIATAE:
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riz1/

0 N —2v(r—a) —y(r—a)
Fi(r) = 5 ?;D~(e V(r=a) _ 9= ) . (9)
nme D — eHepria 3B’43Ky, ¥ — MOCTIfiHA, MOB'A3aHa 31

3HAYEHHAM aMILTITYIH KOJUBAHL B3a€MOIIOUNX CTPYK-
TypHUX eseMeHTiB. [Ipu TakoMy MiIXOml BeJTHIWHA CHJT
azresii ckaagae 10° — 107 H/MZ. [lopiBHAHHA CHJT B3ae-
Mol Ha MeXKI MoALTy a3 moaiMep—HaAMOBHIOBAY 13 BlI-
MOBIIHUME 3HAYCHHAME [MX CHJI MIXK CTPYKTYPHUME
eJIeMEHTAMH MaKpPOMOJIEKYJIU MOKa3ye, 1O B MEPHIOMY
BUMAJKY BOHU JAenio Buiii. Takum 9uHOM, MEKOBHH 11ap
MOXKHa MOIEJIIOBATH Y BUIVIAMAlI UILABHOI YIAKOBKH 31
3HAYHOIO MIZKMOJIEKYIAPHOIO B3a€MOIIEI0 B MePImii -
JIAHIN, AKa 3HAXOOUThCA HEe3mocepeaHbo 01 MOBEPXHI
HaTOBHIOBaYa (Ha MeXKi MOIIIy MoTiMep-HATOBHIOBAM)
JiHIfiHI po3Mipu gKoi cKaagaoTh 1-2 MM [15], Ta apyrii
JIJIAHIN, 31 cJIabIIo0 MIEKMOJIEKYIAPHOIO B3aEMOIIEO i
IHTEHCHBHINIOO PYXJINBICTIO CTPYKTYPHIX €JIeMEHTIB.

Tomy Tpu TpUKIAJEHHI HO TAKUX KOMIIO3WINH Ha-
IpyXKeHb 3CYBY HalllHTeHCHBHINIE OYAYTH pyXaTHCdA TI
CTPYKTYPOYTBOPEHHS TIOJIMEPY, 1O 3HAXONATHCA B PO3-
OyIIeHl## OIIAHII MEeXXOBOTO IMapy, TobTo camMe B IHX
MJIAHKaX BlObyBaTuMeThcs medopmalia 3cyBy. Ilpm
361/IBIIIEHH] KOHIIEHTpallii HaloBHIOBava ¢ > b 06.% gac-
THHA TIOJIMEPY, AKUI 3HAXOOUTHCA B PO3IMYUIEHIR Ii-
JISHII, TEePeXOauTh y HUIAHKY HJIBLHIIIOTO TaKyBaHH,
PO MO CBIIYHTE 3pocTaHHA MomyJs B, .

SicTaBAAOYN OTPUMaHI eKCIEepUMEHTAIbHI 3HAUEHHA
3 TEOPETUYIHO PO3PAXOBAHUM Ha OCHOBI METOIY CAMOY3-
TOZKEHOTO MO, OTPUMYEMO

AL+ 2
Er=A Qup = ——— 10
T T+ 2pr 1— A (10)
Ie
A= /\2+%ﬂ2—/\1—%ﬂ1
Az + %ﬂl + %ﬂz
20 (po — 1)
202 (3A1 +8p1) (9A1 + 14p1)’

A1, M1, Az, o — upyxal noctiitai Jlame [IBX 1 ®T

BiamoBigHo. OMIHIMO BIZHOCHY 3MIHY MOIYJIA MO3T0BK-
HBOI JedopMarii.
Cuiesignomenna (10) MoXHa TOTATH y BUIVIALIIL:

AE  FE—Ep A
E B 7

Sk moKasyoTh pesyJsbTaTH OOYHCIAEHB, TEOPEeTHYHI
sHadeHHa A 1 pospaxoBaHl Ha OCHOBI €KCIIEPHMEHTAIb-
HUX 3HaYeHb MOLYJIIB MO3I0BKHBOI AedopMarili cKaamga-
oTh BiAHoBIIHO 1.18 1 1.20 a1 KOHIEHTpalliil HaloBHIO-
Bada ¢ < 6006.%. Ilpm spocTaHHl KOHIEHTpaIll HAOB-
HIOBaYa PO3XOMKEHHA MIZK TEOPETHIHUMH 3HATCHHAME
it eKcepuMeHTATBHUME 301JIbIIYETHCH, O 3YMOBJIEHO
3pOCTAHHAM BIIHOCHOTO 00’eéMy, AKHil 3aliMaioTh dac-
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TUHKH HAMOBHIOBaYa. TOMY BUKOPHCTAHHA II€]l Teopil He
baxaHe.

Hnsa omHEKE medekTy MOAYJd 3CYyBy OYIEeMO Bpaxo-
BYBAaTH BILIUB BHYTPIIIHBOTO TeptTd. ¥ npari [16] moka-
3aHO, M0 TPU BUKOPUCTAHHI €KCITOHEHT ATBHOTO 3aKOHY
PO3IOALTY TYCTHHE CEIMEHTIB B aAcopOIiiiHoMy mrapi ce-
pPEnHA BeJIMInHA pobOTH, AKY HEOOX1THO 3aTPaTUTH, 00
306JIUBUTH MEHTPH ABOX CTPYKTYPHUX TMIACUCTEM, 3aJie-
KUTH Bl THIY HAMOBHIOBaYa, CTAHY IOJIMEPHOI MaT-
puil Ta 1HIMX (HaKTOPIB.

[Tpu mpomy Hepemo 1o yBaru, 1Mo MaKpOMOJEKYIa 3a-
KpIMJIeHa aKTUBHUME IEHTPaMu. ¥ MbOMY BHIAIKY PYX
TaKOl CUCTEMH OMUCYEMO AK CHCTEMY 1HTer pomuepeH-
MIAJTBHAX PIBHAHL THILY:

0 0

1
o’ _%ﬁ/ad
g poiz 1 o2 Y
0]

5 da 8o
AW—FBE_C@?:GU’ (11)

e p — TYCTUHA CHCTEMH; {4 — MOIYJE 3CyBY; L —
3arajbHa JIOBKWHA CTPYKTYPHUX €JEMEHTIB; o — 3Mi-
HNIEHHA CTPYKTYPHOIO eJIEMEHTA BIJ TOJIOXKEHHA PIBHO-
Baru; a — epeKTUuBHI PO3MIPH CTATHCTUIHOTO CETIMEHTA

Kyma; A = mpa?; C = W%f—fi); v — xoediment [lyac-
cona, B %—? — nemdbepyoda cuia Ha OTUHUIO TOBKIHH.

fAxmo ¢ e mepilogmuHoilo (DYHKINEI Yacy 1 He 3ajie-
KUTH Bl KOOPOMHATH ¥, a YacTOTa HOPIBHIOE OIHINA 3

HeMapHUX FAapPMOHIK, TO OTPHMAEMO:

wd
Q (w) = LBy’
W = ot e
I,6n? w2 — w2
v(w):vo 1-— 677 . 0 B 2| (12)
2 (- ) 4 )
. . Ce . _ 8ua2 .
vg — WBHAKICTH 3BYKY B HOJMepHil MaTpumi, § = ~£&-;
2 _ aC
"= )
XapakTepHO, 10 BeJIMYNHA 3MIHH MIBHIKOCTH U(w) —
vp (v(w) — WBHAKICTH ¥ KOMIO3HUIAX) 3yMOBJEHA

SMIMEHHAM CTPYKTYPHOTO eJIeMeHTa, dAKuii mepebyBae
y dasi 3 npuksagenumu Hanpyxenuamu [17]. Kommo-
HEHTa 3MIIIEHHS, dKa He 361raeThcs 3a (haszoio 3 MPUKJIa-
JIEHOIO HANPYTO0, 3yMOBJIOE NorHHaHHA Q(w) eneprii
3a mepiof. BiAmoB1aHO 3MiHA MOILYJIA 3CYBY 3a6KHO Bl
JacTOTH [I11 30BHIITHHOTO MEXAHITHOTO MOJIA Ma€ BUTIAI:

Ap _ LP ' (“’i)z , (13)

I wl 1—(%)22

Banexuicts Q(w) mpn L ~ const i manux gedopma-
miax Oyme JHHIRHOIO OO Pe30HAHCHOI 9acTOTH W = Wy,
BOHA IPOXOAUTH Yepe3 MaKCHMYM 1 JaJil 3MEHILYEThCA
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ak 1/w®. lna semkux nedopmariii sanexnicts Q(w)
JiHIAHA 0 MaKCEMYMY, AKHHA CIIOCTEPITAEMO MpH w <
wp. Y Ii4masoH] PE30HAHCHOI YaCTOTH BOHA 3MIHIOETHCHA
obepHeno TPOHOPIiiiHO 10 w i naJi cnagae aK w™>. Mak-
CUMYM 3aJeXHOCTH Q(w) I1d KoMuosumiii Moxe OyTu
“posMHUTHM” 3 ypaxXyBaHHAM TOTO, IO BLAOYBAETHCS PO3-
TOMIJI CTPYKTYPHUX €JIEMEHTIB 3a 1XHIMEI PO3MIpaMu 3a-
JIEXKHO Bl KOHIEHTPAIlll aKTHBHUX IMEHTPIB Ta TUCIEPC-
HOCTH HAMOBHIOBAYA.

OmiriMo gedeKT MoAyJid 3CYBY I 9acTOTH IOCJIi-
KeHb w = 2.512 - 10°T'm. Ypaxysapmu saadenna O,
BUPA3MMO BILIHOCHY 3MIHY MOIYJIA 3CYBY depes Koedili-
et [lIyaccona:

w 2
Ap_4L(1-v) 1‘(@) (14)
I Ir? [1 B (ﬁ—u)z] N wjgz

fAxio BiHoM1 MIBHAKOCTI MOIMHPEHHS MO3JOBKHIX Ta
MOMEePETHUX YJIbTPA3BYKOBUX XBUJIb Y TeTEPOTEHHUX IO~
JIMEPHUX cHUcTeMax, 3HadueHHA KoedirienTa Ilyaccona
3HAXOIUMO AK:

(15)

Omiaku  miHIGAHEEX posMipiB Makpomosekyaun [IBX
(cTymine mosimMepusanii 2240), gaxka MoiKe mepebyBaTh B

PI3HIX KOHPOPMAIIIAX, MOKa3YIOTh, IO I/ KJIyOKa B r'a-
yCCOBI MoiesIl BIICTaHb MIK KIHIIAME MaKpPOMOJIEKYJTH
gopisaoe 0.02 MKM IJId BLIBHO3 €IHAHOTO MPOCTOPOBO-
NIAPHIPHOTO JIAHIIOTA 0.148 MkM (mpm HOBKWHI cer-
menTa Kyna a = 29.6 A, a 11a BUTATHYTOrO JTaHIOra
— 0.385mrm. OTtxke, JHIHHI PO3MIPE MaKPOMOJEKYT
3HAYHO MEHIN, HIK BIACTaHb MK YacTHHKAMH HAIOB-
HIOBada, dKa I PO3TJIAHYTHX CUCTEM TIPH HaHIil amc-
nepcrocTi PI' crmamae 2.14 +5.27MmrM. Pesonanchl gac-
TOTH KOJUBAHD IJId KOH(pOpMAaIlll BETATHYTOTO JAHITIOTa,
ckaanaors 1.957-101° T, Bignosinmi 3HadeHHa peso-
HAHCHUX YacTOT JJid cermeHTa Kyna — 2.546~1012FL[,
a IJIg BLIBHO3 €IHAHOTO IIPOCTOPOBO-IIAPHIPHOTO JIaH-
miora — 5.092-101° ['m.

Konan mimg mieio 30BHIMTHBO1 TEPIOATIHOI CHJIN KOJTHBa-
TUMYTBCA aTOMHI TPYIH MaKPOMOJIEKYJI, POSMIPH AKUX
cKJIamaTs 1.54 A, a dYacToTa KoJmBaHb — 2.155 =
2.386 - 1013 ' [14], To BigHOCHA 3MiHA TUHAMIYHOIO MO-
nyag scyBy 6yne 6amsbko 0.07-107* (tabmung), To6T0
JyKe MaJoio BeJHImHo©. Ko me mepiogudHa cuia
3HAYHO BUIIMX aMILIITY I, KOJIU B IPOIEC BTATYIOTHCS Ce-
rventu Kyna, semuuuna Ap/p spocras. MakcuMmanbhi
3MIHH MOIYJIS 3CYBY CIOCTEPITaloThCA B KoHpopMarlii
BUTATHYTOrO JiaHIora. ¥ IboMy pasl Ap/u ckiaanae
6ansbko 15— 17 %.

HedeKT MOy aIsd 3CYyBY CIOCTEPITA€ThCA 3aBKIN, He-
3aJIEZKHO BIJ, TOTO, UM 3aKPIIJIEHUI CTPYKTYpPHHIT ejte-
MEHT aKTHBHUM IeHTpoM, um Hl. lle sHaxoamTh cBoe
mMATBepIKeHHA npn mocamkerdl I[IKM y pumagky Hu-
3bKOTO PIBHSA HAIpyT, KOJIH BIAOYBAIOTHCA TICTEPE3UCHI
MPOIECH, MO 3yMOBJIIOIOThH JUCHIATHBHI BTPATH, AK1 JIi-
HIHO 3pOCTaloTh 13 POCTOM 0.

Hedert Mmomymna 3cyBy Ap/p npu pisHUX CTYIEHAX PYXJIUBOCTU
p, 06.%| v aTOMHI | CEIMEHT KOH(MOpMAId |BLABHO-3 €THAHOTO | BUTATHYTOTO
rpymnu Kyna |layccosmii ki1y6ok JIAHITIOTA JIAHITIOTA
0.1 [0.37][0.066-10=%{1.26-10~* 8.51-107% 63.0-10~* 163.8-10~*
0.5 [0.37]0.066-10~%[1.26-10~* 8.51-107% 63.0-10~* 163.8-10~*
1.0 [0.36]0.067-10~%[1.28-10~1 8.65-10~2 64.0-10~% 166.4-10~*
2.0 [0.36]0.067-10~%[1.28-10~* 8.65-10~* 64.0-10~* 166.4-10~*
3.0 [0.35[0.068-10=%[1.30-10~* 8.79-107% 65.0-10~* 169.0-10~*
5.0 [0.35[0.068-10=%[1.30-10—* 8.79-107% 65.0-10~* 169.0-10~*
10.0 [0.33]0.070-10~*[1.34-10* 9.06-10~* 67.0-10~2 174.2-1077
20.0 [0.33[0.070-10~%[1.34-10~% 9.06-10~* 67.0-10~% 174.2-10~%

Tabmuma. KonnenTpariina saaexHIcTh KoedimierTa [lyaccona 1 medekTy Momy s 3cyBy miaa cuctem [IBX4OT.

3pobJieHl BHCHOBKM 3HAXOOATHL CBOE IMIATBEPIKECHHSI
IpH JOCTIIAKEHH] 1 PO3MJIALl KOHIEHTpaliiinol # Tem-
mepaTypHol sajexHocTH o 1 «p (puc.4a,6) TIBX-
rommosnmiii. Ciaig BIA3HATIUTH, IO B YCHOMY TIAMA30H1
xomumenTpariit ®I' Beanannan «o; 1 a; cuctem [IBX + ®I
MeHI, HEK 11a uxignoro ITBX.

YpaxoByoun, IO eKCIEPUMEHTAJbHI 3HAUEHHA o1
CKJIAJAIOThCA 3 yTpaT Ha pO3CloOBAHHA BII MeXK]1 JacTH-
HOK pocdorimcy 1 BJJacHEX IUCHIMATHBHAX YTPaT y caMiit
MAaTPHII Ta MEKOBOMY IIIapl, TPOBEIIMO TEOPETHIHI PO3-

paxyHKH BTpaT Ha poscifoBanug aada ITBX-kommosniiii
V penelBChbKOMY HabJIMKEHHI:

A
a) = gfth% (16)

ne q1 = 18.4; D — miaMmeTp 9acTUHKH HaOBHIOBadYa, f
— YacToTa.
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o, Hi/m

o, Hi/m
- 1750

240
220 65,0
200 55,0
180 45,0
160 35,0
140 %0

120 15,0

100 s s s " s L N " . 5,0
00 20 40 60 80 100 120 140 160 180 200 ¢@,06%

Puc. 4a. Konunenrpaniiina samexsicts ai(1), a¢(2) mia
cucrem [IBX4+®T mpu T' = 293 K.

o5, Hifo
500

450
400
350
300
250
200
150

100 +
M

50

0 s s . n L n — O TK
283 293 303 313 323 333 343 353 363

Puc. 46. Temmeparypha sanexHicTb a(3, 4) 1 a¢(5, 6) mna
xommnosuiit IIBX (3, 5); ITIBX4+OT' (4, 6).

ObunciieHHs MOKA3YIOTh, 10 3HAYeHHA ] CKJIaJaloTh
1072-1073 %, i ocHOBHY poJIb y IpoIeci TUCHIIAIII eHep-
Tl BlOIrpae moJTiMepHe B aKyde.

AHaJl3 TeMIepaTypHOl 3aJeKHOCTH «; 1 «p IIBX-
KOMIIO3HIH CBIIIUTH, IO MAKCAMYM JUCHIATHBHUX
yTpaT eHeprii eJleMeHTaMi CTPYKTYPH KOMIO3UIIH cro-
cTepiraeMo B TJIAHIN TEMIEPATyPHOTO (-TIEPEXOY .

STigHO 3 TEPMOAUHAMITHIM II1IX0M0M MOKHA OIIHATH
BEJIMUNHY TOTJIMHAHHS MEXaHIIHOl eHepril MO3M0BKHbOI
XBIJIL 3a PaxyHOK B A3KOCTH i TEIJIOIPOBIIHOCTH:

2

w 4 , ¢
iy f e P 1
27 37T ) AT (17)

Ojreop. =

Jle IpyTuil JOAAHOK BU3HAYAE BHECOK TEILJIONPOBIIHOCTH
B MOTJIMHAHHSA eHeprii. Ik MoKa3yioTh pesyabTaTh po3-
PaxyHKIB A PO3TJIAHYTUX CHCTEM, TEIJIONPOBIIHICTE
He [1a€ CyTTEBOTO BHECKY B BenumduHy ;. OCKIIBKH B
mporieci MOMUPEHHs 3BYKOBUX XBUJIb Y TOJIMEPHUX CHC-
TeMax BIIOYBaeThCA pesiakcalida 06’ eMHol B’ A3KOCTH, BU-
3HAYMO BHECOK y «; pedakcyiouol o6’eMHOl B A3KOCTH

Qp.p.:
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wz 77/

P A 18
p b, 2pvl31+w27_2 ( )

Ominka op 5 TOKasye, Mo UpH il yIbTPasBYKoBOI
XBUJIL HA CTPYKTYPHI €JIEMEHTH THITY ATOMHUX TPy TH
TeroBl GoroHN (wT < 1) ap 5 & const. Axmo mie yae-
Tpa3sByKOBa XBUJIA HA CTPYKTYPHI €JIEMEHTH 3 4aCOM pe-
nakcamii ~ 107% ¢, Bestmamnna o, 5 € 3MiHHOW0. 11 po3-
DIAHYTHX CHCTEM peJiakcyioda ob’eMHa B’ A3KICTh Ia€
BHECOK Y JUCHIATHBHI BTPATU MO3IOBKHBOI YILTPA3BY-
KoBol XxBuIl ~ 4-12 % Bix BeWMYMHN 3arajbHOTO Koedi-
MEHTa TOTTHHAHHS.

p-107 xkr/m’
18

¢, 06%

1,2 N L L " . L " n n
0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0 20,0

Pnc. 5a. Konuenrpaujfina sanexHicts p (1,2) a1a xoMio-
sumii [IBX4+®I: 1 — ekcrepumeHT; 2 — Teopis.

pv, 107, kr/M’c

17} 1<)

3,00

2,90 ! + ! + 0,25
283 293 303 313 323 333 343 353 363 T.K

Puc. 56. Temneparyphua sanexnicts pvy (3, 4); I(u') (5);
I(K") (6) nna kommnosmmiit [IBX+®T. Kpusa 4 — reopernani
PO3paxXyHKIH.

PospaxyHKU po3LOILIy 4acy peJaKcallil j1sd 3CyBHOIO
it 06’eMHOTO pesTaKcaIliifHuX IPoIeciB, 3TLAHO 31 CIIBBII-
HOILIEHHSAMH,
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I(K') =

-/
"/ ~/
Yoo T LY

K'— K, [ (wr)’K(r) )
o —0/ L 09

e ¢(r) i K(r) — &byskuil posnomiay dacy pesrakca-
il IpHM 3CYBHHX Ta ob’eMHHX medopMaligx, MoKa3aJIn
(puc.ba,6), mo MexaHisMm ob’emHOl medopmaril 6u3E-
KW 70 MexaHI3My 3CYBHOI B OIASHIN HE3SHATHOTO BMICTY
®T', 1110 3yMOBJIEHO TUPOKUM PO3IMOIIJIOM 9acy pesiak-
callll CTpYKTYPHHUX eJIEMEHTIB.

Ortxe, Py MONIMPEHH] YIBTPA3BYKOBIX XBUJIb Y CHC-
TemMax, 0 MICTATH He3HadHY KIbKicTh PI' B medopma-
mi 3cyBy it o6’emmlil medopmariii, 6epyTh yIacTh OIHI
it TI K CTPYKTYPHI eJIeMEHTH, OJHAK 1XHA PYXJAUBICTS 1
B3aE€MO/IIl MIZK cODOI0 MOKYTh OYTH PISHUMH. Y TIAAHII
Bumicty ®I' ¢ > 206.%, TobTO NpM B3aeMoil 3BYKOBOI
XBUJIL 31 CTPYKTYDHUME €JIEMEHTAMHU MaKPOMOJEKYJT 3
ypaxyBaHHAM peJIaKCaIllifHOTO CIeKTpa 1XHIX 9aciB pe-
Jlakcalill, OCHOBHHII BHECOK y TOIVIMHAHHA eHepril po-
6uTh medpopMariia 3CyBY.
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STUDY OF DISPERSION OF MECHANICAL ENERGY
IN POLYSYSTEMS ON FLEXIBLE CHAIN LINEAR POLYMERS BASE

N. A. Bordjuk, T. N. Bordjuk, O. M. Samsonjuk, B. S. Kolupaev
Rivne University,
81 Ostafova Str., Riwvne, UA-33000, Ukraine

The influence of mineral fillings on dispersion processes of mechanical energy in polymeric systems on the

polyvinylchloride base was studied. Theoretical tests of absoption of ultrasonics waves with taking into consider-

ation losses on dispersion were developed on base of the model of isotropic dielectrics.
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