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MM. TKAYYK

METO/, IIPYKHOI TOMOTI'EHI3AIIl BIMOJAJIBHUX MEPEX

J10CTiKYIOTBCS BIIACTHBOCTI M'SIKIX MATepiaiB i3 HEOIHODIIHMM CKIIaZoM Mepexi. i MaTepiamy Bifpi3HsIOTECS B MIEPIITy Yepry CBOIM OCOOIHBUM CKIIA/IOM.
BiMoznaibHi Meperki  YTBOPIOIOTBCS IBOMA BUAMH XIMIYHO iIEHTHYHHX, HAPUKIIAJ, O IMMETHIICHIIOKCAHOBHX MOJIIMEPHHX JIAHIIOTIB. OIHAK MOJIEKYJIIpHa
Bara KOKHOTO 3 KOMITOHEHTIB € BiIMiHHOIO. JIOBTi Ta KOPOTKi JIAHITFOTH 3MIIITyOTHCS, MICIIST YOTO BOHH BUITAIKOBUM YHHOM IIO€HYIOTHCS Ha KiHIPIX 3a JOIO-
MOTOIO CIIUTBHOTO BYJIKAHI3yIOUOro peareHTy. Ha BinMiHy Bif mepeXpecHoi 3IMBKH TaKHii CII0ci0 30epirae MOYaTKOBUIA YiTKHH HOALT y JOBXKUHI JTAHITIOXKKIB Ta
BIZITOBIZIHO J1a€ 3MOTY HOro KOHTPOJMOBATH. JIJI BU3HAYECHHS MaKpOMEXaHIYHUX BJIACTHBOCTEH IMX MaTtepialliB M0OY/I0BAHO YIOCKOHATICHY MIiKpOMEXaHIuHy
Mozienb. I3 miero MeToro I GiMONANTbHUX MaTepialiB BBEACHO J0 PO3MVILAY [Ba OKPEMHUX CTATUCTHUHHX HPOCTOpH. KokeH iX HHX MICTUTB Mikpochepy
OIMHIYHIX BEKTOPIB IOYATKOBHX OpieHTAlil y BimmoBimmiii —pakiii. OcepeHeHHsS Ha CYIUIbHIA Mepexi 3AiiCHeHO i3 ypaxXyBaHHSIM IHTOMHUX YacTOK
KokHOI (pakwii. [ToOynoBaHe CIIBBITHOIICHHS, SIKE BCTAHOBIIOE KIHEMATHYHHH 3B'I30K MK MAKPOCKOMIYHIMY JehopMaLiisiMU Ta MiKpozedopMariissMu, sKi
Ut 000X (hpaKmilt y Mepexki po3MIIIIAIOTECS OKpeMo. Binryk Mepeski 10 30BHINIHBOI MaKPOCKOMIYHOI fehopMartii 3BOAUTECS A0 PIBHOBATY HOB'3AHUX 3 HEIO
BHYTPIIHIX MikpogedopMartiii Ta BU3HAYAETHCS 13 PO3B'SI3KY HACTYIIHOL 3aa4i MiHiMi3anii 3 00MeXKeHHAMH. BHKOpHCTaHHS pO3poOIeHOl MOZIENi IPOIEMOHC-
TPOBAHO HA MPHUKJIAJ JEKLTBKOX PEasTbHHX 3pa3KiB. YCTAHOBJICHO SIKICHY Ta KiTbKICHY Bi/IOBIIHICT i3 JAHMMH €KCIIEPUMEHTATBHUX JOCI IDKEHb.

Kniouoei cnoea: MikpoMaxpoMeXaHiqHA MOIENb, MEPEeKeBa CTPYKTypa, IPyXKHA TOMOTeHi3alist, 6iMoaabHa MepexKa, MK/ MaTepiall, TiIporeis, FyMo-
noiOHuMit enacromep

H.H. TKA9YK
METO/ YIIPYTOii TOMOT' EHU3AIIUA BUMOJAJIbHBIX CETEM

Hccnenyrorcs cBOHCTBAa MATKUX MAaTEPHATIOB C HEOTHOPOAHBIM COCTABOM CETH. DTH MaTepHaIbl OTIHMYAIOTCS B HEPBYIO OYEepelb CBOMM OCOOBIM
cocTaBOM. buMonanbHble ceTH 00pasyloTcs JBYMs BHJIAMHM XUMHYECKH WICHTHYHBIX, HAIPUMEpP, MOJMANMETHICHIOKCAHOBBIX INOIHMMEPHBIX
nerneit. OTHAKO MOJEKYISPHBIA BeC Ka)KA0r0 U3 KOMIOHEHTOB SIBIIETCS OTIMYHBIM. J[TMHHBIC U KOPOTKHE IEMH CMEIINBAIOTCS, HOCIe Yer0 OHU
CITy4aifHBIM 00pa30M COCAMHSIOTCS Ha KOHIAX C MOMOIIBIO OOIIEro BYJIKAHU3YIOHIETO pearcHTa. B oTiiume OT MepeKpecTHOH CIIMBKU TaKHM
00pa3oM coxpaHsAeTCsl IEPBOHAYAILHOE YETKOE Pa3jielieHHe MO AJIMHE LEMoYeK U COOTBETCTBEHHO MPECTABISETCS BO3MOXKHOCTh €r0 KOHTPOJIH-
poBarth. [l onpeneneHnss MaKPOMEXaHIYHUX CBOICTB ATHX MaTepHaloB OCTPOCHA YCOBEPIICHCTBOBAHHAS MUKpOMeXaHndeckast Mozenb. C yToit
LEeTbI0 U OMMOJANbHBIX MaTEePHAIOB BBOJSTCS JBa OTACIBHBIX CTATHCTUYCCKUX IIPOCTpaHCTBA. Kakmoe MX HUX COAEPKUT MUKpochepy eau-
HHUYHBIX BEKTOPOB HAuyaJbHBIX OPHEHTALMH LEMOYEK B COOTBETCTBYIOMIEH (pakumn. OcpeHEHNE Ha CIUIONIHONW CETH OCYIIECTBICHO C YYETOM
YIEIbHBIX J0NeH Kaxnol ¢paknuu. [IocTpoeHO cOOTHOIIEHNE, YCTaHABIMBAIONIEe KHHEMATHIECKYIO CBSI3b M)XKy MaKpo- U MUKpoAe(hopManus-
MH KaX10i oTAenbHOH ¢paknun. OT3BIB CeTH Ha BHEIIHIOI0 MaKPOCKOMMYECKYIO Ae(OpMAIUIO CBOAUTCS K PABHOBECHIO COOTBETCTBYIOIIUX €if
BHYTPEHHHX MHUKpoJe(opMaIuii 1 onpeaensercs peleHneM 3a1a4d MUHUMH3AlUuK ¢ orpaHnyeHusMu. Mcrnons3oBanue paspaboTaHHOIH Moxenu
IIPOJEMOHCTPUPOBAHO Ha IpPHMEPE HECKONBKHX paHee HCCICJOBAHHBIX 00pa3lOB OMMOIANBHBIX JIaCTOMEPOB. Pe3ynbTaThl EMOHCTPHPYIOT
XOpoIlee Ka4eCTBEHHOE U KOTMIECTBEHHOE COOTBETCTBHE C JAHHBIMH YKCIICPHMEHTAIBHBIX HCCIEA0BAaHUMH.

Kniwouegvie cnosa: MukpoMakpoMexaHH4ecKas MOJICNb, CETeBask MHUKPOCTPYKTYpa, yHpyrask TOMOTEHH3alus, OMMOJaNbHas CETh, MATKHH
MaTepHall, THAPOrellb, Pe3HHOIOJ00HEII HIacToMep

M. TKACHUK

A METHOD FOR ELASTIC HOMOGENIZATION OF BIMODAL NETW ORKS
The properties of soft materials with heterogenemis/iork composition are studied. These materi@sistinguished by their particular composi-
tion. Bimodal networks are formed by two types loémically identical polymer chains, for examplelypdanethylsiloxane. However, they differ
in molecular weight of each of the components. Lang short chains are mixed, after which they arelomly connected at the ends with the
help of a common vulcanizing agent. In contrastrwss-linking, the original clear dispersion of #fein lengths is thus preserved and, accord-
ingly, it is possible to control it. To determirteetmacromechanical properties of these materialsnproved micromechanical model was devel-
oped. Two separate statistical spaces are intradiozebimodal materials. Each of them containsrttierosphere of unit vectors of initial chain
orientations in the corresponding fraction. Theragang on a solid network is performed taking iat@ount the specific shares of each fraction. A
relationship that establishes the kinematic retestiip between macro- and microdeformations of @adiidual fraction is derived. The response
of the network to an external macroscopic deforamais determined by the equilibrium of internal rogtretches and is found by solving a mini-
mization problem with constraints. The performantehe developed model is demonstrated by the elawipseveral previously examined
bimodal elastomers. The results display good cqidlé and quantitative agreement with experimeateisd.

Keywords: micro-micromechanical model, network microstruetuelastic homogenization, bimodal network, softtamial, hydrogel,
rubber-like elastomer

Beryn. Ko moBa e po cydacHi matepiaiu 3
BUCOKMMH MEXaHIYHHMH BJIAaCTUBOCTSIMH, TO HaOyBae
3HAYCHHS PaJIIe CyKyIHICTh BIACTHBOCTEH, HDK OIWH
enuHNE QisnaHud mapametp. Jis iHKeHepHOTo 3acTo-
CyBaHHS, SK TPaBUJIO, TIOTPIOHA KOMOIHAIlSI YacTo Cy-
MIEPEWINBHUX XapaKTEPHCTUK B ofHOMY Marepiami. [liel
METH MOXe OyTW JOCATHYTO IIUISIXOM YIIPOBAIKCHHS
KOMITO3HUIIIHHOT CTPYKTYpH MaTepiary. BoueBub, Takuit
minxin Oyne BUMPaBIAHUM JIMINC 332 YMOB, SIKIIO OTPHU-
MaHi BJIACTUBOCTI KOMIIO3MLIIHOTO MaTepially € <«&pa-
LIMMI», aHDK Yy HOTO OKpeMHX CKIaJoBuX. 1 M'IKHX
MarepiaJliB BCTYNaloTh y HPOTHPIUYs MK coOOI0 B
XapaKTEPUCTHKH: OPCTKICTH 1 IJIACTUYHICTh. 3 OIHOTO
00Ky, TBEp/Ii NIOJTIMEPH € KPUXKHMH 1 JIETKO JIAMaIOThCSI.
3 iHmoro OOKy, OUIBIN €NacTH4YHI Marepiaid MaroTh

HaI3BHYAHHO MaJInii NPY>XKHUH MOJYJIb Ta HE 3/1aTHI BUTPHU-
MyBaTH JIMCHO BHCOKI HaBaHTaKeHHs. OCTaHHIM YacoM
OyJI0 TOKJIAJICHO 3HAYHUX 3yCHJIb, 11100 ITOETHATH iXHi ITO3H-
THUBHI PHCH Ta OTPUMATH Marepiai, SKHH OIHOYACHO 37aT-
HUI PO3TATYBATHUCS, OJJHAK € JIOCTATHBO YKOPCTKUM Ta CTiii-
KiM JI0 pyHHYBaHHS. [[pOMTOHYETHCS pO3TIITHYTH TP PI3HUX
TUIN TaKWX MaTepiaiiB, siKi OyJIO CHHTE30BAHO Ta €KCIIEPH-
MEHTAJIBHO JI0CTipKeHo. BoHM npencraBieHi exactoMepamMu
3 OIMOIATIFHAM PO3IIOLIOM JIOBKHHH MOJMIMEPHUX JIAHIIFO-
KKiB [1], mOmBiitHUME TeJIeBUMH MEpeKaMui, sIKi yTBOPEHi
MEPEXPECHUMHU KOBAJICHTHUMHE 3B'si3kamu [2], Ta Ha3Buyaii-
HO TSITYYMMH T4 MIIHAMH TiPOTeIIsIMH 3 KOBAJICHTHUMH Ta
ionHnMH 3B's3kamu [3]. st ux MatepiaiiB BiACYTHI MiK-
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MepeX 3 BIIOMOIO HOJiAMCIEpCHICTI0. Meta 1oro Jocii-
JOKCHHS TOJISTalla 'y BH3HAYCHHI MEXaHi3MIB PO3PHUBY eliac-
TOMEpIB, 30KpeMa IepeBipLli Teopil «ciadkoi Jankm». Heoui-
KyBaHUM BIJIKPHUTTSM, 3IIHCHCHUM HOro aBTOpamu, OyIio
YyJIOBE TOJIITIIICHHS MIITHOCTI Ta CBOEpPiIHA (hopMa MPYKHO-
TO BiTYKy OTPHMaHWX €IacTOMEpHHX Mepek. OcraTtodHi
BJIACTUBOCTI CHHTE30BAaHOTO TAaKUM YHWHOM MaTepially BH-
3HAYAIOTHCS CITIBBITHOIICHHSIM YaCTOK OKPEMHX CKJIAIOBUX
Ta MOJISIPHOIO Baroko KOPOTKHUX Ta JIOBIHX JIAHIFOXKKIB.

POMaKpOMEXaHiYHI MOJIEI [UIsl BU3HAYCHHS 1X BJIACTH-
Bocreid. [e crionykae 10 moOyIOBY TaKHX MOJICIICH.

M'siki MaTepiaan 3 HEOTHOPITHUM CKJIAI0M Me-
Peki: CKJIaJ, BJIACTHBOCTI, MOJeJIi Ta METOMH AHAJII3Y
BJIACTHBOCTEH. Y3araJbHeHI JaHi Npo Mmarepiaim i3
HEOTHOPIHMM CKJIaZIOM Mepexki HaBesieHi B a0, 1.

VY pobori [1] Gyino BuKOpHCTaHO GaraTtodyHKILio-
HAJIGHUI peareHT TPHi3OoIiaHaT, SKUi 31aTeH YTBOPIOBa-
TH 3'€JHAHHS KiHIIEBUX TiAPOKCHJIBHHX TPYIII TTOJi M-
metuiacuiaokcad (IIJIMC), mjis CTBOpPEHHS MOJIENBHUX

Tabms 1 —[HdopMartis po pi3HOBUIIM KOMITOZHIIIHHIX TTOJTIMEPHIX MaTepiaiiiB Ta IXHi BIACTHBOCTI

CrxtazioBi i1 DVii-
Monyis FOnra, | Meska mirHoc- IMonosxeHHs Enepris pyi
Tun . . HYBaHH,
MIla i, MITa ipu po3pusi, % 2
Thx/m
1 2
BimoasbHi Mepei [1] namMc* 0.2-0.8 15-12 10-150 10
TlozsiiiHi renesi Mepexi [2] | momAMITC** [TAA** 0.3 20 (cruc.) 80 Eruc.) 10°
Ti6pusi rigporesi [3] IOHKHHO 3uv- KOBaJ'IveHTHO 0.029 0.16 2200 1o
i anprifar | 3mmruid [TAA

Tpumimxka: *TIIMC —nomigumernicuiiokcad, ** nomAMIIC — nori(2-akpinamizio-2-Metu-1-nporancy s oHOBa) KUCIOTa,
*** TTIAA —nomiakpuamiz

€10 B MEXaX HeperyJsipHoi TpUBUMIpHOT Mepesxi. PosristHyTi
TPH MaTepiajii AEMOHCTPYIOTh CYTTEBY PI3HHULIO Y BCIX IUX
acIekTax: IPUPOIi MaKpoMOJeKya (KOpCTKi abo THyuKi,
HeHTpaibHi a00 TixpoQUIbHI MoTiMEPH), PI3HOBUIAX BHYT-
PILIHEOMOJIEKYJISIPHOT  B3a€MOJii  (KoBaieHTHI a0o ioHHI
3B'SI3KH, 3IUTyTYBAHHS) Ta CTPYKTYpi Mepexi (CyriibHa abo
IOJIBIiiHA, OIHOPIIHA a00 KIIAaCTEPH30BaHa).

OcoOMuMBICTIO  HiMOOanbHUX  Mepedic, TOCTIPKEHUX
Mapkom Ta koneramu [1, 4], € BHCOKMH BMICT KOPOTKHX
JIAHLEOTIB y MOJIIPHOMY CITiBBITHOIICHHI JI0 JOBIMX JIAHIIO-
riB. THIOBHIT PO3MO/IUT TOBKHH JIAHITFOXKKIB OYB MOTHBOBA-
HMIl CIIOCTEPEXKEHHSIM, paHille 3AIHCHEHUMH JUTs Mepex i3
nomipaum (10-20 %)BMiCTOM KOPOTKHX JIAHLIFOTIB, L0 TXHE
JOJJABAaHHS HE MPH3BOJUTH JI0 3HAYHOTO 3HIKESHHS MEXaHi-
YHUX BJIACTHBOCTEH MaTepialy. ABTOPH TPUHIUTA O BH-
CHOBKY, IO TEOpist cJIa0Koi JJaHKK € HeiiicHor. SIKmo Ou
BCl JIAHITFOTH CITiTyBaJIM OMHAKOBiH adiHHIN nedopmartii,
HAMKOPOTIIT 3 HUX PO3pUBAIHCS O y>Ke TIPH 30BCIM HE3HAY-
HOMY TIOJIOBKEHHI MaTepiaity, alpke BOHA MafOTh HAMMEHIITY
MEXy po3TAryBaHOCTi. Lle O BIIMOBITHO BUKIIMKAJIO TOIIKO-
JUKYBaHICTb MaTepiaiy, Yoro HaclpaBJii He CIIOCTEPIraeThesl.
Omxe, el BUNA/IOK € HAOUHUM ITiITBEPXKESHHSIM BUCHOBKIB
el pobotn mono HeadiHHOCTI nedopMaiii y Mepexi.
IMonoBskeHHs 3a3Ha€ NEPEPO3NOALTY EHEPrEeTUYHO BUTITHIM
LUBIXOM, 33 SIKOTO BHKOPHCTOBYETHCS 3IATHICTH JIOBIUX
JIQHITIOTIB JI0 3HAYHOTO PO3TATHEHHS. [Ipy 1IboMy KOPOTKi
JIQHIIOTH YHUKAIOTh PO3PHBY BCYyIEped TOMY, IO MPOTHO-
3yBaJIM paHHI TeOPii MIITHOCTI TaKuX MaTepiaiiB. OHOYACHO
3 THM, 3aBJISIKU CBOTH BEJMKIN KUJTbKOCTI B OAMHHMIL 00’ €My,
BOHH CTBOPIOIOTH 3HAYHUI BHECOK Y TIPYXKHUH BIATYK MaTe-
piaiy. 3a paxyHOK IIbOTO JOCSTAEThCSl ICTOTHUE BHTpAIl Y
MEXaHIYHHX BJIaCTHBOCTSIX MaTepiaiy.

VY nepuly 4yepry MOJEKYJIpHI MEpexi Takoi OymoBH
JIEMOHCTPYIOTH ICTOTHE MOCWJIEHHS TPY)KHOTO BIATYKY 31
30UIBLICHHSM PO3TSTryBaHHs. OCKUIBKH IO IMMETHIICHIIOK-
CaH He KPUCTAIIBYEThCS 3 3BUYAWHUX TEMIeparyp, OJi3b-

IMongiitHi MepexxeBi Tigporei, po3pobieHi ['onrom ta
fioro koneramu [2], Hanexarp 0 iHIIIOrO KiIacy MaTepiais,
SKI TYT pO3ISaaroThest. Born Mictarte 10 90% Boau Ta
CKJIJIAlOThCS 3 JIBOX 3arajioM He3alleKHuX mepex. [leprua
YTBOPIOETHCS 33 PAXYHOK arperarii MoJieneKTposiTy (Tako-
ro sik oyiAMIIC) y ctaH reso, ToAi K iHIa yTBOPIOETHCS
THYYKMMH HEHTpaJIbHUMH TOJIMEPHUMH JIAHIFOraMH, Ha-
npukna, [TAA, siki HeoOOB'SI3KOBO 3a3HAIOTH XIMIYHOI 3ITH-
BKH. LI po3poOka Oyna MOKIMKaHA KOHKPETHOIO HPAKTHY-
HOIO TIOTPeOOIO 30UTBIIICHHS MEXaHIYHOT MIITHICTI TiJPOTEIiB
JUIs MaOyTHIX iH)KEHEpHHMX 3acTocyBaHb. EkcriepuMeHTa-
JIbHI TOCHIJPKEHHS TIOKa3aJIH, 1110 3 TOYKH 30pY ONTUMAaJIbHOT
OynoBH Tiepina Mepeka Mae OyTH HIUTHHO 3'€IHAHOFO, TOI
SIK IpyTa Ma€ 3aJTHIIATHICS BUTLHOIO.

HemonasHo rpymoro pociigHukis [3] Oyno 3anporo-
HOBAHO TPHHITAIIOBO HOBHH THIT HA/[3BBUYANHHO ETACTHIHUX i
MIIHUX TimporeniB. BoHN 3ampornoHyBamy 3MiITyBaTH 1B
THITY TIOJTIMEPIB 13 PI3HUMH MEXaHi3MaMH 3IWBKA y €IAHIN
Mepexi. KoBasieHTHI miepexpecHi 3B'SI3KH MMOEIHYIOTh ITOJTi-
AKPIJIAMIIHI JIAHITFOXKKA OJIMH 3 OJJHUM 1 OJJHOYACHO 3 JIaH-
LIFOraMy JIbIHATY, TOJI SIK OCTAHHI JIO/IaTKOBO IIOB'SI3yI0Th-
cs 10HHO. SIK 1 onepeHii i3 HaBeAEGHUX TUIIIB T1IPOTeiB, Y
LBOMY BHITAIKY TAKOXK € XapaKTepHUM BHCOKHIT (10 86 %)
BMICT BOJIH.

MexaHiuHi BJACTHBOCTi Ta MeXaHi3MHU 3MillHEHHS.
Sk BuaHO 13 maHuX Tabi. 1, po3rmsaHyTi M'sKi Marepiaim
JIEMOHCTPYIOTh IIBUIICHI MEXaHIUHI BIIACTHBOCTI. SIKIO
TIOPIBHIOBATH IIi XapaKTePUCTUKH 3 XapaKTePHUCTHKAMH
OKpPEMUX KOMITOHEHTIB, TO MOYKHA 3ayBaXXHTH, IO iX KOMOi-
HaIlisl IpU3BeNia JI0 Pi3KOTo MOJIITIIICHHS 3IaTHOCTI PO3TATY-
BAaTHCS Ta MIUHOCTI (Ha nekiipka nopszkis). Lle siBuue
MOSICHIOEThCS. MEXaHI3MaMH 3MIIHCHHS, IOB'SI3aHUMH 3
KOHKPETHUMH OCOOJIMBOCTSIMH CTPYKTYpH MaTepiaiis, sKi
peayi3yroThesl Hacamrepel Ha MIKpPOCKOIYHOMY piBHI.
Biaryk Matepianly CTBOPIOETbCS CHJIAMH, YTBOPCHHMH
OKPEMUMH TONIMEPHAMY MOJICKYJIAMH, Ta TXHEIO B3a€MOJI-
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kux o 25%C, sBuine nedopMariiifHo 1HIyKOBaHOT KPUCTATI-
3a1lii Moxke OyTH BUKIFOYCHHM. OTXKE €IMHAM YHHHHKOM,
SIKWIA TIOSICHY€E 3MIITHCHHST MEPEXKi Ta 3POCTAHHS IMPYKHOTO
MOJIYJIs, € HEraycoBa IOBEMIHKA IMONIMEPHUX JIAHITFOXKKIB,
OJM3BbKUX JI0 MEXKI po3TsArHeHHs. KiHIleBi BIacTuBoCTI 6iMO-
JIATTbHOI MEpeXKi 3aJIeXaTh BiJl MOJSIPHOI YAaCTKH KOPOTKUX
JIAHITFOXKKIB. I3 11 30imbImeHHsM MaTepian HaOyBa€e KOPCTKO-
CTi Ta YTBOPIOE BHIIII HANPYKEHHS y BiNOBI/Ib IO PO3TATY-
BaHHs. OTHAK, pa3oM i3 TUM, pyHHAITiS BiOyBa€ThCS 3HAYHO
paHile, ajpke KOPOTKi JIAHITFOXKKH JIOCATAIOTh CBOET MEXKi
PO3TATHEHHS BXKE 3a JIOBOJI HEBEJIMKOI 3arabHoOi nedopma-
uii Marepiay. Hamakw, 3a OUIBIIIOrO BMICTYy came JOBIHX
JIAHIIFOKKIB BIITYK Matepiany € Habarato M'SKIIMM, a caMm
BiH JIEMOHCTPY€E IMBOBIDKHY 3ATHICTh PO3TACYBaTUCH. 3
TOYKH 30py TaKOI BKIMBOI XapaKTEPUCTUKH SIK KUIBKICTH
MPY>KHOI SHEprii, sIKy 3amacae mMarepiaji 10 TOro, K 3a3Ha€
pyiHHauii, iCHye NEBHMH ONTUMYM KOMIO3MLII IMX JBOX
CKJIIOBUX. BurpoOyBaHHS 3pa3kiB Ha pPO3pHB, 3 IHIIOTO
OOKYy, CBiZTYaTh MPO Te, 32 OLIBIIOTO BMICTYy KOPOTKUX JIaH-
IIOKKIB €HEpTisl PyWHYBaHHS € BHIION0. Lle MOSCHIOETHCS
TUM, IO YTBOPEHHS TPIIIMHU BHUMara€ pO3pUBY OLIBIIOIN
KUIBKOCTI JIAHITFO)KKIB TA 3B SI3KIB HA ONUHHILO IUIOMN il
TIOBEPXHI.

Toositini cenesi mepeoici, cuate3oBani ' oHroM Ta rpy-
MO0 #10r0 CIiBPOOITHHKIB [2], TAKOXK CKITANAIOTHECS 3 GKOP-
CTKUX» 1 <«M'SIKHX» KOMIIOHCHT. SIK JKOpPCTKI €JIEMEHTH BH-
CTyMae MUIBHO 3IMTHE noienekTpomit nomAMIIC, skuii
YTBOPIOE CYLUILHY MATPHIIIO, sIKa PO3IOBCIODKYETHCS BCIM
00'eMOM TeMO Ta CKIANAE HOTO OCHOBY. M'IKy YacTHUHY
Martepialy CKIIaJiae TOMaKpHiIaMill, sIKHH € c1a00 3IIUTHM
abo mpucyTHiK y JiHidHOMY cTaHi. Te, skuM unHOM [TAA
BUSIBISIETHCSI BKJTFOUEHHM Y CTYKTYPY KOMIIO3UTHOTO Tellio,
3aJISKUTh BiJl MOJISKYJISIPHOI Bark 1poro mnomimepy. Ilyke-
1iba Ta iHmi [5] CTBepIKYIOTS, 10 32 IOCTATHROT JJOBKHHA
MAaKpOMOJIEKYJI MOJIiaKpHiIaMiTy y Telni YTBOPIOIOTBCS HEOI-
HOpiHI BKmoueHHs. [TAA He npocTo 3MilyeThes 31 MIUIBHO
3IIMTOI0 MaTpULEO, a i 3allOBHIOE MOpOXKHEUl y 0a3oBid
Mepexi. Y IUX BKIIOYEHHSX HOJaKpuiIaMizl iCHye y BUITIsI
B'sI3KO1 CIUTyTaHOI MEpeXi 3a YMOB, SIKIIO PO3MIpHU IIpora-
JIMH TICPEBUIIYIOTh PaJliyC THYYKHX JIAHITFOKKIB. BBakaeThb-
s, IO IIi M'Ki KJIJaCTepH BUKOHYIOTh POJIb YIIOBLUIHHIOBAYIB
PO3TIOBCIO/DKEHHST  TPIIMH, 3MEHIIYIOYH KOHIICHTPAIIIO
HaNpy>XeHb y TIPYXXHIA MaTpHIli Ta JHUCHITYIOYH €HEpTilo.
Taka cuHeprisi IPU3BOUTH JIO TOTO, M0 KOMTIO3UTHHH Tellh
Ma€ BJACTUBOCTI, IO iCTOTHO TIEPEBHIIYIOTh BIACTUBOCTI
KOYKHOTO 13 I0r0 KOMITOHCHTIB.

Edexr Bin kKOMOIHOBaHOI CTPYKTYpH € HaBiTh OUIBLI
3HAYYIIHM JJISL 2I0pUOHUX 2I0pozeie, siKi Oy po3po0iieHi y
cmiBrpaiy Mixx BueHumu 3 CIIIA Tta ITiBaennoi Kopei [3]. Y
HUX TIO€THAHI ANbriHAT Ta MOMIAKPIIaMiI. AJICriHaTHI JiaH-
LIFOTY YTBOPIOIOTH 10HHI MEPEXPEcHi 3B'SI3KM Y MPHCYTHOCTI
KarioniB C&" y posunHanKy. OHOYACHO i3 LM TOJHIAKpH-
JIAMIJ ITATA€TBCS KOBAJIEHTHIA 3IIMBIH. TakoX MDK aMiH-
HUMH TpYyIaMd Ha TONIaKpUIaMiai Ta KapOOKCHILHWMH
TpylaMH Ha JIQHIFOTax aJlbriHATy 3a0e3Meqy€eThCsl yTBOPEH-
HS TOAATKOBUX KOBAJICHTHHX TMEPEXPECHUX 3B'SI3KIB, 3aBIIs-
KU 4YOMY OOM/IBI KOMIIOHEHTH BUSIBJISFOTHCS BKIIFOUYCHUMH Y
CIUIBHY TO€HaHY Mepexy. Otpumanuid TiOpuIHHI renb
Mae MozyJib npyskHocTi 29kI1a, OM3bKU 10 Cyreprno3uLii
MOyJ1iB #ioro kommnoHeHTiB (17 kI1a mns ansridary ta 8 kIla
JUTSL aKPUJIAMIZIHUX TEJIiB BIAMOBIIHUX KOHIEHTpartii). Ox-
HOYACHO 13 MM HOBWII Matepiayl BiIPI3HSETBCS Bi CBOIX

CKJIaJIOBUX HEWMOBIPHO MOJIMIIICHUMU 3HAYCHHIMU Hampy-
JKEHHSI Ta TIOJOBKEHHS NpH po3puBi. ['iopuaHumii renb Moxe
OyTH po3TATHYTHH y 23 pasu BiJ NMOYATKOBOI JOBKHHU Ta
BUTpUMYBaTH HanpyxeHHs y 156klla, Tomi sk 1 ymcna
nopisaioroth 3,7 klla ta 1,2pa3u st anbriHaTHOTO reo i
11 «ITa ta 6,6pa3iB WISt MOTAKPHIIAMIAHOTO TEITIO.

Taka moBetiHka MO>ke OyTH TIOB'sSI3aHA 3 ICTOTHOO JTH-
CHITAIIIEI0 €Heprii, ska 3a0e3neuyeThCsl I0HHIMH 3B'I3KaMU.
Ile miaTBEPKYETHCS SICKPABO BUPAKEHUM TiCTEPE3WCOM
TIPY TIPOCTOMY HABaHTa)KEHHI Ta PO3BAHTAXKEHHI. 3i 3011b-
IIeHHsM JilepopMartii 10HHI 3B'SI3KA  PO3PHBAIOTHCS, YUM
JIOCSATAEThCS e(eKT 3aCTIOKU-OJIMCKABKH B3JI0BXK JIAHIIIOTIB
anprinary. He3saxarouu Ha Taki MOIIKO/PKEHHS MIKPOOY/I0-
BH, MaTepiai He 3a3HA€ iICTOTHOI 3aJIMIIKOBOI iehopMaltii Ta
30epirae 31aTHICTH BiJHOBIIOBAaTH NOYaTKOBY (hopmy. L{im
BiH 3aBIs9y€ TOMY, IO MOJIIaKpUIaMiHA MEepeka 3aJIHIIa-
€TBCSI HEYLIKOKEHOI0. [l Toro, mob yTBOpHiacs Tpiriu-
Ha Ta Marepiai 3a3HaB HeoOepHEHOI pyiHallii, HeoOXiIHO,
mobu Oy po3ipBaHi KOBAJICHTHO 3IIUTI JIAHITIOKKH. [le
BIIOYBA€ETHCSI BXKE 3a Iy)Ke iICTOTHOTO TIOJIOBKEHHS MaTepia-
7y, SKOMY TIepelye 3Ha4dHa JIMCHIIAIlSl €Heprii y BeNmKii
30HI HAaBKOJIO BEPIIMHU TPIMIMHK. Bynb-sike iHIIE TOIIKO-
JDKEHHsI Matepiany, [0 He CYNPOBOIKYETbCS YTBOPEHHIM
TpilMH, Moxe OyTH BITHOBJCHE, a/pKe pO3ipBaHi iOHHI
3B's3KM € BijHOBMOBaHMMH. OTXe, BiJ IIbOr0 Marepiary
MO)KHA TaKOXK OYIKYBAaTH 1 BKpaid 3a/I0BUIHUX BTOMHICHHX
XapaKTEPHUCTUK.

Hongiiini mMepesxi, cuaTe30Bani ['OHroM Ta #oro Ko-
Jeram [2], y CBOIO Yepry, CTAaHOBIISATh 3HAYHO CKJIAIHIIIAH
00'€KT I 3alpOIOHOBAHOI CXEMH MOJeoBaHHsA. [lo-
Tiepirie, Ba TUIH JIAHITIOTIB HE TIOB'I3aHi MidK COOOI0 B €U~
HY MEPEXy, MK JIaHITIOTaMH Pi3HMX BUIIIB BiICYTHI XiMidHI
niepexpecHi 3B'3ku. Lle o3Havae, M0 B3aEMOIsT MK Mepe-
JKaMH 3/1IICHIOETBCS 32 JIOTIOMOTOF) MEXaHIYHOTO KOHTAKTY.
KoHTakTHI IUISHKY Ta X MIUIBHICTH HE € Harepe]] BU3HAYC-
HHMH, SIK Y BUMAJIKY TMOCTIMHUX CIIOIy4YEHb, PO3IJISTHYTHX B
mozneni MAPC. Tlo-npyre, sik 3a3Ha4aroTh €KCIIEPUMEHTa-
JIbHI IOCTI/DKEHHS [S], 1 Tesi MaroTh HEOIHOPIIHY CTPYK-
Typy. X04a rHy4YKi JIAHIFOTH MOXKYTh B3aEMHO MPOHUKATH Y
JKOPCTKHH TIOJTIENIEKTPOJTOBHI CKEJIET, BOHH TaKOX YTBO-
PIOIOTH KJIACTEPHU B ICHYIOUHMX MOPOKHUHAX. TakuM YMHOM,
TIO/IBIfHI MEPEeXi MArOTh YIiTKO BHPAXEHY ME30CTPYKTYPY,
MacIITaOu JIOBKHMHH SIKOT € OUTBIIIMMH 33 PO3MIp CITKH.

IMotoune ¢opmymosanss moaeni MAPC [6] cribHo
3aJIKUTh BiJl TIPHITYIIECHb, IO MEpeka € CYIUIBHOIO Ta
onHOpiHOO. [e CyTTEBO [UIsl POMOBCIOMKEHHS PO3IIISHY-
THX IIUIIXIB MAKCUMAJTBHOTO MPOCYBAHHS Yepe3 YCi KOMIIO-
HCHTU MIKpOCTPYKTypH. KpiM TOro, BU3HAYCHHS TpPHHAIIC-
JKHICTI JIAHOK Y IIUIIXaX JIO JKOPCTKOTO CKeNeTy abo B'SI3KOL
MOpPO’KHEYI He mepen0adyeHo y IMOTOYHIMH MOZeNm Mepexi.
[puHaiiMHi neprie muTaHHS Moke OYTH BUpIIIEHE B MEXax
3aMpOIIOHOBAHOI Teopii roMorerizariii. [{e BUMarae rneBHOTro
niepehopMyJTIOBaHHS IIO/I0 HECTANIOTO XapakTepy Ieperuie-
TCHb. 3PEIITOI0 CaMe 3aBISIKH MEXaHITHOMY KOHTAKTy OOH-
JIBI KOMTIOHEHTH TMOABIHHOI Mepexi neopMyIoThCsS He
OKpeMo. Y KOXKeH OKpEeMHI MOMEHT € aKTUBHI KOHTaKTH, SIKi
YTBOPIOIOTh THUMYACOBY CTPYKTYpY 3'€qHaHb. Ilepeximui
Teopii Mepexi, moaibHi 1o [7], nobpe miaXoasTh MLt ONUCY
BSI3KMX e(EKTiB, TOB'SI3aHUX 13 IMHAMIKO MEXaHIYHO
CIUTyTaHWX JIAHIEOTIB, i HABITh 3/IaTHI TOSCHUTH e(EKTU
MyiiHa 3MIHOIO KUTBKOCTI IPYXKHO aKTUBHMX JIAHLIFOXKKIB
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y He3LIMTIH yacTiHi Mepexki [8, 9]. 3rinHo i3 TakuM ysBieH-
HsIM, 3aIIPOIIOHOBaHA Teopis Mae OyTH 37aTHOIO OIHCYBaTH
THUMYACOBI IIUISIXH, iXHIO KIHEMATHKY Ta epe0ymIoBy

Tibpuoni ziopozeni 3 10HHUMH 3B'SI3KAMH MAIOTh OJTHO-
pimHy crpykrypy. Ilomienekrpormit i HEHTpaybHI JIAHIIOTH
PIBHOMIpHO po3MofieHi y mpocTopi. KpiM Toro, 3aBmsku
HAsSBHOCTI KOBQJICHTHMX 3B'SI3KIB MDK J[BOMa Pi3HOBHIAMH
JIAHITIOTiB BOHH YTBOPIOIOTH CYIUTBHY Mepexy. Camo 1o co0i
Te, 0 B Iii MIKPOCTPYKTYpi 00'€THaHI THYYKi Ta >KOPCTKi
JIAHITIOTH, OOYMOBIIFOE HE3BUYAWHWI XapakTep TOBEIiHKA
Matepiany. 30KpeMa, SIK 3a3Ha4eHO B [6], KOpPCTKi JIaHKH He
MOXKyTb 3a3HABaTH CTHCKAIOYOTO 3yCHJUIS 3a CTIMKOrO BiIry-
Ky Mepexi. PinaMeHTH 3 PI3HOPITHUM BITYKOM JIO TIOOB-
JKEHHs1 HEeMHHY4e JIepopMyBaTUMYThCsl y HeaiHHMIA criociO.
Sk 1 y BUITazKy HamiBrHY4YKUX IOJTIMEPHUX T'EJliB, MOXKIIMBO
OYIKyBaTH CBOEPIJIHY PEOJIOTIIO MPY)KHUX HAIpPYyXKeHb, 30K-
pema mix gac yncroro 3cyBy [10]. OmHak AOMOKH IBOMY HE
ICHY€E EKCTIEpIMEHTAITLHUX TTiATBEPKECHb.

OxpeMoi yBaru 3aciTyroByIOTh BiJJHOBITIOBaHI 10HHI 3B'sI-
3KA MDK JIAHITFOTaMH JIbTiHATY, sKi, HA BiZIMiHY Bill peIITH
3'€THAHL Y MEPEKi, MOXKYTh TTOPYITyBaTHCh. KON Takk BOHU
PYHHYIOTBCS, & TIBUIIIIE TUCOIFOOTHCS, KUTHKICTh aKTHBHUX
JIQHIIIOTIB y Mepesxi 3MeHuryeThest. Leit mporec xapakrepuzy-
€THCS TIEBHOKO eHeprieto akTusallil [11], Tox KiIbKiCTh akTHB-
HHX IOHHHX 3B'SI3KiB MO)KHA BU3HAYUTH 32 JOMOMOIOIO PiB-
HSHHS TSPMOJIMHAMIYHOTO OAJIAHCY.

Mopens  ocepeqHeHHsl  OiIMOJATBHHX  MeEpEK.
OpuriHajbHa MiKpOMEXaHi4Ha Mojens OasyBanacsi Ha
TIPUITYIICHH], 0 TeTh YCi JJAHKH MepeXi € iMCHTHIHUMHU.
BoueBunp, 11 GiMOIATPHUX MEpPEK BHHUKAE HOOXIiTHICTH
BUPI3HATH OKpeMi 1i KOMIIOHEHTH. Y TIepily dYepry Iie
CTOCYETBCSl CTAaTUCTUYHOTO OIHMCY. SIKIIO I BHIIAAKY
MOHOJIMCIIEPCHOT MEperKi OYII0 TOCTATHHO PO3TIISIHYTH JIUIIIS
BHUIIQJIKOBY = TOYAaTKOBY  OpIEHTALl0  JIAHIFOXKKIB, TO
GIMOJAIBHICTS BUMAarae 3ayqdTH NPHHANMHI JBa OKPEMUX
CTaTMCTHMYHMX IpocTopH. KokeH 13 HUX CTaHOBHTHUME
Mikpocepy OAMHMYHHMX BEKTOPIB IOYaTKOBUX OpiEHTALli
Y BIIOBIHIN  (ppaKIyii:

s=be sl @ st=hecp=d @

SIKIO MPUIYCTUTUCS  130TpOIiT 000X CKIIAJOBUX
MEpexi, TO IUIBHICTh BIPOTiIHOCTI HA 000X cepax Oyme
OJIHODITHOIO Ta JIOPIBIOBATUME 3 YPaxXyBaHHSIM MHOKHUKA

1/|So| /41 omnunui, o610 pf(AF) =1 Ta pg(rhg) =1.

BinmoBigHO 10 1BOTO, OCEPEAHEHHS BCEPEIMHI OKPEMOi
(dpakuii Oyzne 3aifiCHIOBaTHCS TakK caMo, SIK 1 paHilie:

Oynb axa Benmuuna & P9, mo 3anexuts Big mouatkosoi
opieHTarii maHok ¢pakmii p abo (, MaTuMe cepeaHe
3HAYCHHS

)y ol o

80qu

OcepeHCHHS Ha CYLIUTbHIA MEPEeXi B)KE BUMararuMe
ypaxyBaHHsI TMTOMHX 4acTok p Ta  (p +  =1) KoxHOT

13 (pakiii, a TAKOX PI3HUIIl BIACTHBOCTEH Mik oOoMa
TATIaMH JIAHOK MeEpexi. 30Kpema, SKI0 TOoYaTKoBa

BIZICTAaHb MK KIHI[AMI JIAHIFOKKIB CKJIQHaTHME Rg Ta

RP, To mmax MakcHMaIBHOTO TIPOCYBAHHS, IO CKIIAMATH-

METBCS 3 I JIAHIIO)KKIB, CTAHOBUTHME

Ry, =n, (PRE+aREJ25) =
=n, (pRE +aRE 21, @

aJ/pKe 3a YMOB JIWCHO BUIIAJKOBOTO IIOEJHAHHS JIAHOK
DI3HUX THIIB y Mepeki BMNAJIKOBAa Opi€HTAIlis Aj He
3aJIeKATHME BiJl TOTO, Y3[IOBXK JIAHOK SIKOi 13 pakuiid, p
abo (, pO3MOBCIOKYETHCS MIIAX Y TOMY YH iHIIOMY
By3Ji. Binbu Toro, posnozin Bekropa Ay 36iraTUMeTh-
¢l 3 OI[IHKOO

f-2
P (koulo) = (f ‘1)(%04-1] - )

OnHak y nmehopMOBaHOMY NUIAXY IS OOCTaBUHA
BKE€ MaTWMe 3HauYeHHs, aJke QYHKIIi pO3TATHCHHS

AP(E) ta A9(MJ) Bzarani-to pismaTes Mik coGoro.

OTmxe, 3ICTaBUBIIM BEKTOP IIOJOBXKEHHS MUIAXY, SKUH
O00YHUCITIOETHCS, 3 OJHOTO OOKY, SIK OCEpEIHEHHS BKIIATy
MikpozedopMalliil JaHoK, a 3 iHmoro, — € adiHHUM I1e-
PETBOPEHHSIM CBOTO NIOYAaTKOBOT'O 3HAYEHHS BiAINOBITHO
JI0 MIKpOCKOMiuHOi Jedopmanii MaTepiaabHOI TOYKH
TiJIa, OTPUMAEMO HACTYITHY TOTOXHICTb:

R, =n, (RS (:™?) + qRY(1™P))=

—nlo(pRg‘*ng)f_zl’l:F'o- ©)

Ile crmiBBigHOIICHHS BCTAHOBIIOE KIHEMATHYHHI 3B'sI-
30K MK MaKpOCKOIIYHUMU JehopMaLiissMu Ta Mikpoaedop-
MallisiMy, SIKi JUIst 000X (DpaKIiil y Mepei po3risiialoThCs
OKpeMo. SIK 1 y BHIIaAKy 130TPOITHOI MOHOAMCIIEPCHOI Me-
pexi, 116 PIBHAHHSA MOXKe OyTH TiIaHe TONAIBIINM Tepe-
TBOPEHHSIM, sIKi CITMPAIOTHCS HA BIACTHBOCTI sIpa PO3IIOII-
JIy BIPOTIHOCTI HANpSMy MaKCHMAaJbHOTO TPOCYBAHHS, a
came

é”‘l—*

j(pRg AP (ho) + QRY xq(xo))x
So

X pm(7~01|0)‘d7°0‘ = ?
:éj(pRp+qRq)Ap (ko,lo)‘dko‘
K
éj( 5P+ A% -7 | p" (o o|dio=0,  (®)
_ S?J __ RY
e Be G = arg _
pR8+qR0 pRE +0R{

Sk 1 panimie, g TOTOXKHICTh Ma€ BUKOHYBATHCH

IUIS yCiX MOXIIMBHX HAMpPSMIB IUISIXIB MaKCUMAJILHOTO
npocyBarst | 0S,. Y pasi, komn ¢yHKHiOHANBHICTH

Mepexi JOpiBHIOE 4, SApO PIBHSHHS € ITIOJIIHOMOM Ta
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Ma€ CKiHYeHHMH paHr. BiamosimHo 1o 1poro, iHrerpa-
nbHe piBHsHHS @pearonbMa (8) TOTOKHO 3BOAUTHCS A0
BXKE€ 3HalOMOT TeH30pHOI (hopMHU

1 ¢~ ~ 1
— (PP +EY) Odgdig[=2F . (9)
S| 3
S
Kinemaruune crieBignomieHHs (9) oOMmexye Bapi-
amifo Hepimomux momiB AP ta AY. Jns toro, mo6 Bu-
3HAUUTH 1ied JieopMOBaHUN CTaH MEpeXki, 3aCTOCOBY-
€TbCSl NPUHLIMI MIHIMyMy OCEPEAHEHOI BHYTPILIHBOT
e”eprii. OcTaHHA OOYUCIIOETHCS Al OIMOJAIBHOT Me-

PEXi HACTYITHUM YHHOM:

ot xo]= nlp(u?)+aud)l, o

ne (wpe)=r2 s [Wpae.Po[dnq. (11)

Takum 9rHOM, BIATYK MEpei 10 30BHIITHBOI MaKpo-
CKOITYHOT iehopMaltii 3BOMTHCS 10 PIBHOBArM IOB'S3aHUX
3 HEI0 BHYTPILNIHMX MikpojedopmMaliii Ta BU3HAYAEThCS i3
PO3B'A3KY HACTYITHOT 331441 MiHIMI3aIlii 3 00MEKCHHSIMHU:

<L|Jf' >n@—
=15yl 00+ v 00fn] - min
so 12)

ISol J(pkp+qkq)Dko|dko|——F

Oynkmionan Jlarpamka st Hel Mae HACTYITHWI BU-
IS

LpP 2,y
= n@ [low? 0.2+ aud aO)fjdig|-v: 3)

|So| J(pxp+qkq)Dk |dxo|——F -, stat

YMOBH HOro CTalioHapHOCTi, B CBOIO 4Yepry,
BU3HAYarOTh adiHHUA PO3MOALT TEPMOJMHAMIYHO

crpsbkennx 10 postarysanns cun f P9 =0owP9/9).P9:

npf P(1.P) = npf (1.7 [(xp)/\xp]z o,
nat#0.9) = npf, 60 = qvae. O

Mixkpockoriuti nedopmartii BOJIOKOH Ta CHIIN CKIIa/Ia-
IOTh BiI'YK BHYTPILITHKOI OyI0BH MaTepialty, SKHM MiIat0Th
3a/aHiil MakpockomniuHii nedopmartii. Pesynsratom mporo
30BHIIIHBOTO BIUIMBY € IIEBHUII HANPYXXKEHUH cTaH Tina. Bin
BU3HAYAEThCS, 30KPEMa, TEH30poM HarpyxeHp I[liona-
Kipxroda, mo € TepMOIMHAMIYHO CHPSHKECHUM JIO TPaJ[i€HTA
neopmartii Ta TOPIBHIOE MOXIAHIA TPYKHOI BHYTPILIHBOT
eHeprii

) . pawpdxp‘)}+
S Al (A

BukoprcToBYrOUHM TIEBHI TIEPETBOPHHS, aKTyaJIbHI JITST
OiMOIAIbHUX MEPEK KiHeMaTHuHi criBBigHOmIeHHS (9) Ta
ToTOKHOCTEH (14) It MIKPOCKOITIYHMX CHJI, MOJKHA OTPH-
MaTd HACTYIMHHI BHpa3 Uil HIYKAHOTO MEpLIOro TEeH30pa
HarpyxeHs [lioma-Kipxroga

P= n{p<ffp mg> +q<f? mg)}:%v . (16)

SIKMI 3HOBY K Taky MOMIOHMH N0 paHillle OTPHUMAHOTO IS
MOHOJIUCIIEPCHUX MEPEK Pe3yIIbTary.

AHaJi3 MUTaHHS ICHYBaHHS Ta €UHOCTI yMOB-
HOro MiHiMmymy 3amadi (12) mictuth y co0i: Oimbiry
BapiaTUBHICTh TMOPIBHSAHO 3 BHITAJKOM MOHOJHUCIIEPC-
HHUX MEPEXK 13 THyYKHX JIAHIIOXKKIB Ta )KOPCTKUX JIAHOK.
Y KOMITO3UTHUX Martepiaax MoBa MOXE HTH Mpo Jo-
CHUTH JIOBLIbHI KOMOIHAIil LMX ABOX THUIIIB €JIEMEHTIB.
HatioueBunmHilmM € BUIAJOK, Kouu oOWaBI (paxiii
CKJIaJIal0ThC 3 THYYKHX JIAHIFOXKKIB. Y I[bOMY pasi

eneprist postsokenns Y P9 s koxwHOT i3 HEX € omyk-

UM (QYHKIIOHAJIOM, a, OTKe, (PyHKIIioHAT ‘I’net[kp, 7‘0]

€ TaKOXX OITYKJIUM BiJHOCHO HEBIIOMHX IIOJIIB MiKpOJe-
dopmarii. Lle 3HaunTh, 110 MEpexa AOCSITaTHME CTIHKOT
piBHOBaru 3a OyZb-siKOi MakpockomiuHoi nedopmanii
F . Binbur Toro, yci JaHIIOKKU NepeaBaTUMYTh 3YCHII-

1151 0cboBOTO po3TsArHenHs. Jonarni enuunau cun f P9
P LEOMY € B3a€MHOOJHO3HAYHMMH (DYHKIisMH ab6co-

JIIOTHUX BCIIMYUH PO3TATHCHDb A ?'q .

Cripx 3a3HaYuTH, IO CTiliKa piBHOBAara Mae CrocTte-
piratucsi i y 1O4YaTKOBOMY Heae(OPMOBAHOMY CTaHi.
BoueBunp 1eil craH Mae XxapakTepHU3yBaTUCS BiJCYTHIM

PO3TATHEHHAM JAHIIOKKIB AP = ko Ta A9 = Ay B 000X

¢pakuisx. Bianosigao 1o ymoB cramipaapHocti (14)3a
OIMHUYHHUX ‘}»p‘ =1 Ta ‘}»q‘ =1 maTuMeMO HaCTYIHI

CINBBIJHOIIIEHHS BIJHOCHO OCHOBHX CHJI Ta MHOYXKHHKA
Jlarpamxa:

qf{ (1)10 qvig

v=vl (17)
qff® d @ R

ado FP@ =F{ .

[epmmii BUCHOBOK IOJIATAE y TOMY, IO PO3TOJILT 3Y-
CHJIb Y MIKPOMEpPEXi € palialIbHO i30TPOITHUM Ta CTBOPIOE
TiIPOCTAaTHYHMM HANpY>KeHHI cTaH. Y TOH came yac apyre
CHIBBIHOIICHHS Ja€ MOYKJIUBICTh BCTAHOBHTH 3B'SI30K MK
aOCOMIOTHUMY BEJIMYMHAMH OCBOBOTO PO3TSTHEHHS Y KOXK-
HiH 13 (paHLii, SKUH 3yMOBIIIOE BCTAHOBJICHHS MDK HUMH
pIBHOBaru y IoyaTkoBOMY CTaHi. 30Kpema, 1i¢ Ja€ 3MOry
MPaBIJIGHO OIIHUTH HEBIIOMi CTPYKTYPHI (JaKTOPH MEpexi,
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SIKY YTBOPIOIOTb JIAHIIFOXKKHU PI3HUX THITIB.

3acTocyBaHHS MoOJieJIi ocepeiHEHHs 6iMOIATBHUX
Mepesk. [t GiMOJaNbHUX MEpEeX OKpeMi CKIIAJIOBI €
MaKpOMOJICKYJIaMH 1ICHTUYHOTO XIMIYHOTO CKJIAAY, IO
BIIPI3HSIFOTHCS JIUIIE MOJICKYJISIPHOIO Baroro abo TOBXKH-
HO0. Y BHITQJIKy TYMOIIOAIOHMX €TacTOMEpIB TOBEiHKA
THYYKHX TIOJTIMEPiB JOOpEe OMUCYETHCS MOICIUTIO JIAHITIO-
JKKIB  BUILHOTO OOEpTaHHs, IO BPaxOBYE CKiHICHHY
3IaTHICTh JI0 TIOZOBXCHHS Ta Iepeadadac HerayccoBY
MOBEIIHKY 3 HEJIHIHOIO CHJION0, IO BU3HAYAETHCS CITiB-
BiHOIIEHHSIMU (UB. Tab. 2):

_O%r _keT o R
F(R=—"=2"n [ij, (18)

oR b

b Nb

0w
fe (M) = a_xf — kel ROD_l()\—RO] , (19)

e b —nopxxunHa ctatnectaHoro cermenTa; N — KiIbKIiCTB

[MX CErMEHTIB Yy JAHLIOKII abo #oro moBkuHA, Kg —

koHcTaHTa bosbivana, 7 — remneparypa, Ot —obepHeHa
¢ynkuis Jlamkesuna. Tpeba 3BepHYTH yBary Ha Te, IO

dizuuna entponiiina ¢ Ta TepMoamHamiuno cnipskena

J0 BCJIMYUHU POITATHCHHS BiLlHOCHa CcHulia

0¥ _ ¥ OR _

frM)=——=—5—-= RoF¢ (1), (20)

ne R, —1e BifcTaHp MK KIHIIMU JIAHIFOXKKIB Y Henedop-
MOBaHii Mepexi, BIITHOCHO SIKOI 1 BH3HAYAIOTHCS PO3TSI-

Henna R =R, [}, Bigpi3sHA€TbCA MDK COOOI0 HA MHOMHHK

R, . Tlommpene npumnynieHHs: NOJIATa€ B TOMy, 1O Yy Pe-

3yJIbTaTi YTBOPEHHS MEPEeXi TIOEIHAHHS MK JIAHITFOYKKAMHU

BEIIMYMHY TIOpsJIKa + Nb. Came Toro MCKY PO3TATHCHHA

HErayCCOBHX JIAHIIFOXKKIB OIIHIOIOTH K + N, 110 TOpiBHIOE
BIJHOILIEHHIO  MIDX MaKCUMAaJIbHUM  [IOJOBXKEHHSM
Rnax = Nb Ta mouarkoBoro Bincranmo R, =+/Nb. Oz-

HaK y JIHCHOCTI BIIXWJICHHS Y MPYXHHUX XapaKTCPUCTHUKAX
Ta TIOBEIIHII TPY pO30yXaHHI M JI€0 pO3YMHHUKA CBiJI-
9aTh TPO Te, IO I1A OIiHKA € HEeTOYHOI0. BUXin i3 i€l cury-

awii 3HAXOJUTHCH, SAKILO NMPHUIHATH BenvuuHy R, 3a HeBi-

JIOMHI TIapameTp a0o K JIeKiTbKa ITapaMeTpiB, K Y BHTIAKY
OIMOJATLHUX MepexX. AJDKe KOXHA 13 (paKIliii JTaHITFOKKIB
y Hene(opMOBaHOMY CTaHI MOXKE MAaTH CBO€ CricHU(iuHe

nouarkose nofosxennst RY ta R) Bimnosiwo. I Ty cnin

3a3HAYMTH, 10 3HAYCHHS 1IMX [apaMeTpiB He MOXKYTh OyTH
o0pani JoButbHO. CripaBai, SIKIIO IJICTABUTH 3HAYCHHS

BinHocHO cumn T 3 piBmstHHA (19)3a 0MHUYHOTO PO3TST-

HeHust A =1

p.q
£P90) :%Rop'qm_l —I\T%'qb L@

B yMOBH cramioHapHocti (17), TO OTpUMAaEeMO HaCTYIIHY
TOTOXKHICTB!

N Pb N%b ) RS
3BiZICH OCTaTOYHO BCTAHOBIFOETHCS PIBHSHHSA, SIKE T10-
€JTHY€E TIOYATKOBI PO3TATHEHHS Yy Pi3HHUX (pakiisx Hemedo-
PMOBaHO1 OIMOIATLHOT MEPEXi:

P q
YTBOPIOIOThCS B iXHiM HaHOUIbII BiporimHil KoH(Iryparii, N" N°b
KOJIM BIJICTAaHb MK KIHIIMH OKPEMHX BIITIHKIB CKJIaJae
Tabmmust 2 —Mogeni THYYKHX JIQHIFOXKKIB
Mozers Bisbha eneprist P ¢ Tepmonunamivna cuna F
g R
I"ayccoBmii JaHIOKOK . § kgT i 3kgT —
2 " NP Nb
L0) 1
HerayccoBHii TAHIOKOK, IO BiTHHO 0bepraeTses -2 NkgT| A, L 10\ )+In————— T=LY0
v P KT AL sinhL(\,) Kol ()
T R? 1 T( R 1
UepB'skomomioHIIH J'IaHL[IO)KOK3 kB 2+ k'; 4— + —_— - 1
4|p A 1-R/A 4|p N (@-R/N)

Hpemitia: * N — uncro anox manmmosxka, b — rorxuma Kyma cermenis; 2 A r = R/L —BinsocHe posTsrteHHs B OPIBHSHHI 3 JOB-

sammoro L = Nb; £ —spoporsa dysxuii Jamkesina £(*) = coth@)—1/(+) ; ® napenieno HabmkeHs, cpase/umBe B Mexi | p <<L,

Jc I p —IHOEPCUCTCHTHA JOBXKHNHA ‘{epBISIKOHOIIi6HOI‘O JIAaHIIIOXKKA, a TA\ —HOro NoBHA JIOBXKHHA

Onpasy BUIHO, [0 HAWOUTBII BUTIHE 3HAYCHHS

novarkoBoi Bimcrani RY'Y=+VNP9 | ofuucrene s
KOKHOTO 13 OKPEMHUX THITIB JIAHIFOXKKIB, IIbOMY CITIBBITHO-
IIEHHIO HE 3a0BOJILHSIE.

3i crmiBBigHOUIeHHs (23) n00pe BUOHO, LIO B

000X CKJIAJIOBUX MEPEXi JIAHIIOXKKIB MATHMYTh OJTHA-
KOBY MEXY PO3TATHEHHS BiIHOCHO IOYaTKOBOTO CTa-
Hy. JliticHo, BenmunHa

p.q P
p.q — Nim :N b

lim R.)p’ q W (24)
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€ TOTOXKHOIO U1 000X (pakuiid. TakuM 4YMHOM, MOJIEINb
JIAHIOXKKIB  BUIGHOTO 00epTaHHs y pasi 1i 3acTocyBaHHI
NPU3BOAMTH N0 HACTYIIHOTO pe3ynbrary. Jedopmanii B
060X cknanoBux GiMonamsHoi Mepexi AP Ta A9 BusmIA-

TUMYTCsI OfiHakoBuMH. 1le BHIUMBaE i3 TOro, 1o 3a Oy/p-
SIKOTO 3HAYEHHSI TEH30pa V PO3B'SI30K MEPIIOTO PiBHSIHHS
yMOB crarioHapHocTi (14) 3a10BOJBHATAME APYyroMy piB-
HSHHIO ~aBTOMAarh4HO. [leil BHCHOBOK ITiTBEPIHKYETHCS
pe3yJibTaTaMi YMCEITBHOTO MOJICIFOBAHHS Il MOJEJBHOT

mepexizp =0.1, NP =361a g = 0.9, N = 4,npencras-
JieHux Ha puc. 1.
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Pucynok 1 —Posnozin mikponedopmauiii AP ta A% 3a omooc-
HOTO pO3TArHeHHsA Aqq = 3y (QpaKuisx JOBIHX JAHLIOKKIB 3

p=0.1, NP =361a KOpOTKHX JIAHIFOKKIB 3 g =0.9, N =4:
a—B IUIOMIHHI XY; 6 —B IUIOIINHI YZ

MopeaoBaHHsl KOMOIHOBAHMX MOJTIMEPHHX Me-
pex. HaBezneni Buie Matepiany BiIpi3HSIOTBCS HaJ3BU-
YailHUMU B’ SI3KOTPYKHUMH Ta MII[HICHIMH XapaKTCPHCTH-
KaMH. IX MOXOJKEHHS KPHETBCS B OCOOIMBOCTSX Meperke-
BOi MIKPOCTPYKTYPH, B SIKii TIOETHYIOTHCS PI3HOTHITHI
cxnaioi. CTpyKTypa X MEPEeX JTa€ MOKIIUBICTH YPiBHO-
Ba)KyBaTH 3yCHJUIS BCEPEIVHI MaTepialy Ta PO3TIOJISATH
MIKpOCKOTTIuHI Jiedopmartii Mik OKPEMHMH eJleMEHTaMH.
3a Bajio migidpaHoro CKIaMy Takoi Mepeki OKpeMi KoM-
TIOHEHTH MOXYTh BUKOHYBaTH YiTKO BH3HAUCHY (PYHKITIO-
HAJIbHY POJIb. HAIPHKIIAJI, YACTUHA MEPEKi MOXKe 3abe3rie-
YyBaTU MPYKHICTh, & iHIIA — MilHICTh. OJHAK repenoavu-
TH Hanepezl epeKT Bij BIPOBaKEHH KOMOIHOBaHOI Oy10-
BU 3 TUMH YH HIIMMHU NAPaMETPaMH HAJI3BHYAIHO CKIIa[I-
Ho. Ha nomavy 10 ekcriepiMeHTanbHUX JOCHIIKEHb CTBO-
PIOBaHHMX MarepiaiiB, MOXKE€ BHSBUTHCH HA/JI3BUYAIHO KO-
PUCHUM YHMCENIbHE MOJIeNIIOBaHHA. | MoBa e came mpo
MIKpOMEXaHIIHO OOTPYHTOBAHI MOJIEITI.

3anpornoHoBaHi IMIX0IM MOXKYTh OYTH 3aCTOCOBaHi i
JUTST O3HAYEHOTO KJIacy KOMOIHOBaHMX TIOJIIMEPHUX MaTepi-
aniB. CTaTHCTUYHI METOAN PETPE3CHTATHBHUX HAIPSMKIB
[12] i, 30kpema, mpencTaBneHa y pobOTI MOAENb HULIXIB
MaKCUMAJIbHOTO NIPOCYBaHHsI [6] mpumaTHi st BUSHAYCHHS

Mmikpozpedopmaniii Ta oOcepeHEHHS BIATYKY IIOCTIHHO
HO€HAHUX Mepex. PasoM i3 TuM (opmaiisM JHMHaMIKK
CMOITyXOBCBKOTO, 3aCTOCOBaHHUI JI0 MOOUTPHUX JIAHITFOXK-
kiB [13], ma€ MOXITHBICTb BpPaxOBYBATH i B'I3KHi BHECOK
BiJl MIHJIUBOT YaCTUHU MEPEKI.

CKJIaIHICTh Y 3aCTOCYBaHHI IIMX METOIIB TOJITAE Y
HEOJTHOPIAHOCTI OyZI0BY KOMOIHOBAHHX TIOJIIMEPHUX MaTepi-
amiB. TuM He MeHII, [Tl OIMOTATFHAX MEPEeX MOXKHA 3a-
TIPOTIOHYBAaTH TIOMIMpeHHsT opuriHaibHoi Mozenm MAPC.
Cri 3ayBa)KUTH, IO MOJICIBHI TIOMICTIEPCHI €TaCTOMEpH,
JocmmkeHi y podorax [1, 4, 14],4eMOHCTPYIOTE OBEMIHKY,
sIKa ICTOTHO BIIPI3HSAETHCS BiJ TPaJULIHHIX T'YMOMOAIOHHX
MartepiaiiB. ABTOPH OpHUTIHAJIBHUX POOIT MPHITYCKANH, 10
MM BOHH 3aBJISKYIOTh CHHEPreTHaHOMY edekry. Bin mae
THOJISATaT! y TOMY, 110 OKpEMi CKJIaJIOBI MIKPOOYIOBU MPOSIB-
JISIFOT BIIMIHHMI BIATYK JI0 PO3TSATHEHHSL. Y TIO€HAHHI IXHI
BHECKH TIEPEBAKATHMYTh TOM PE3YJIBTAT, KU MOXKHA OYIIO
0 oTpUMaTH MPOCTHAM JI0JIABAHHSIM MPY)KHHUX BIACTUBOCTEH.
BoueBuib, MOMEpeHbO PO3MVISHYTA MOJENb, 110 MPU3BO-
JATH JI0 OIMHOPITHNX MiKpoaehopMallii, He TIOrOHKYEThCS 3
MU MipKyBaHHSIMH YKOTHOIO MipOIO.

Henomik Moperni JaHIFOXKKIB  BUTBHOTO OOEpTaHHS
HoJjiirac B TOMY, IO BOHA IiepecTac OyTHM TOYHOIO JUIS
KOPOTKHX JIAHITFOXKKIB. A caMe TaKi JIAHITFOKKH, 10 CKJIa-
JIAFOTHCSI JIUIIE 3 ICKUTBKOX MOHOMEPIB, 1 BXOAATH JIO CKJIa-
JIy THX OIMOIAJIBHHX MEPEXK, sIKi MOKA3aI HAWOUTBI Bill-
MiHHI BJJACTHBOCTI.

3 orsiny Ha Iie OUTHIN MPUIATHOK MOXKHA BBAXKATU
HIITy MOJIETb HAMIBIHYYKOTO JIAHIFOYKKA, 3aIPOTIOHOBAHY
brarzgenom i TepenteeBuM [15]. 3rigHO 3 HEHO JIAHIFOT
MPE/ICTABICHO CKOpIllle HE SIK MCKPETHO CIIONYYeHHH
HaOip JIAHOK TIEBHOI IOBXKHHH, a PAJIIe K CYLUIbHY CTpid-
Ky, III0 BATHHAETHCS TOBUTLHUM YHHOM Yy TIpocTopi. Bimmo-
BiJIHI JIO CTATHCTHKHY YCiX MOXIMBUX (OpM, BUTbHA EHEPTis
PO3TATHEHHSI TAKOTO JIAHIFOXKKA BU3HAYAETHCS BUKITFOYHO
SHTPOIIHHOIO CKJIaJIOBOIO

| @ 2
W (R) = kT{-2— 1_52 +L , (25)
2L L R?
g

ne Kg, T —3Buuaiini KoHCTaHTa bosblvana Ta Temmepa-
Typa, L —KOHTypHA NOBXKHHA JIAHIIIOXKKA, & |p —Iepcuc-

TCHTHA JIOBXKUHA, 1[0 XapaKTEPH3Ye, HACKUIBKH THYUYKOKO €
Ta YM 1HIIIA MAKPOMOJICKYJIa.

TepMonuHaMiuHa OCHOBA CHJIA, INO JIi€ Ha KIHII Ta-
KOro XpoOaKomoMiOHOTO JIaHITIOXKKA, OOYHCITIOETHCS 32
MTOX1JHOO

MWs(R) R 4. 1
oR L R? 2 L

po 1_?

Fs(R) =

(26)
Jlnst 1oBrux abo HaJA3BMYANHO THYYKHX JIAHIFOXKKIB,
ULl SIKUX |p /L <<1, ug Mozenb Ao0pe 30iraeTecs 3

MOJCIUTIO HETayCCOBOI'0 JIAHIIFOXKKA BLIBHOTO 06epTaHHH.
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OpnHak I KOPOTKMX YM HAATO YKOPCTKMX JIAHIIFOXKKIB
BIITYK Ha PO3TSATHEHHS € TNPHHIMIOBO BigMiHHWM. Lle
MO3HAYAETHCSl BXKE HA MOYATKOBOMY erari mepexi. Sk i
paHile, MOYATKOBE MOIOBKEHHS JIAHIFOKKIB BH3HAYAETh-
cst ymoBam (2). OnHak po3B'sI30K LBOTO PiBHSHHS Y BUITA-
JIKY, KOJIM CHJIa BU3HAYAETHCS BUPa3oM (26), iCTOTHO Bin-
PI3HSIETBCS Bifl POCTOTO CIIBBiAHOIICHHS (8), OTpHMaHO-
TO paHimie. Y 1IbOMY BHIIQJKY, III OTPUMAHHS PiIBHOBaX-

HHUX MOYATKOBUX 3HAYCHb IOJIOBKCHb Rop Ta Rg JOBO-

JIMTBCS BUKOPHCTOBYBAaTH 4YHCEIbHY HPOLEAYPY PO3B'S-
3anHs MetonoM Herotona. Ilpuknan ii 3acTocyBaHHS Ha-

BEJEHO Ha PHUC. 2, € PEICTABJIEH] KPHBI CHII Fsp(Rp)
Ta qu(Rq) , @ TAKOX TOYKU MEPETHHY JHHICIO CHUIBHOL

OpAVHATH.
BuxopucranHs MoJeli HamiBrHYYKHAX JIAHITIOKKIB
JUIE BHU3HAUCHHS BIATyKy OIMOIAIBHOI MeEpexi mami
NPOJEMOHCTPYEMO Ha NPHKIALl AEKUIBKOX pealbHUX
3pa3KiB, siKi Oy/iM EKCIEPUMEHTAIBHO IOCTI/DKeHI Y
pobotax [1, 4, 14].
[NapameTpy BUKOpPUCTAHHX MatepiaiiB Ta BiIMOBIIHI

M mapameTpu YKceNnbHOI MOoJIeN 3BeJieHi y Tabn. 2. 3Bep-
Tae Ha ceOe yBary Haa3BHYaiiHO Maja JIOBKMHA KOPOTKHX
JIAHIFOXKKIB, 10 CKIaaac 3a MOJSIpHOI Macu 660 r/moib
nmiie 6 MOHOMEPIB, TOI sIK 3a MOJsApHOI Macu 220r/Moub
— Juie 2 MOHOMepiB. 3 iHIIOro GOKy, MOJIeKyJa MO
METHJICUIOKCAHY € HaJ3BHYaiHO THYYKOIO 3aBJSIKH OJIH-
HUYHHM 3B'3KaM MK aTOMaMH KPEMHIIO, BiITIOBITHO JI0
qoro Oyn0 0OpaHo BiTHOCHO MaJie 3HAYECHHS TIEPCHUCTEHT-
HOI JIOBXHHH. YTIM BCE OJHO KOPOTKI JIAHITFOXKKH MalOTh
JIy’ke 0OMeXeHy 3IaTHICTb JI0 PO3TSTHEHHSI.

TuM He MeHII, 3aBISIKHA TIepepo3niry Mikpoaehop-
Malliil y Mepe)ki HEBENMKa 4acTKa JJOBI'MX MaKpOMOJIEKYJI,
1110 MICTUTBCS y Hil, a€ MOXJIMBICTh YHUKHYTH Hepeya-
CHOT'O JIOCSITHEHHSI MEXi PO3TSTHEHHSI KOPOTKHX JIAHLIIOXK-
KiB. Y pe3ysbTari IOro iCTOTHO MiZABHIIYETHCS THYUKICTh
enacroMepa. Y TOW caMuid 4ac 3aBJSIKM BEJIMKINA KUTBKOCTI
AKTHBHUX KOPOTKHX JIAHIIOXKKIB MaTepiail JIocsirae BUCO-
KUX 3HA4YeHb MOMYJSl TPYXXHOCTI. THM camuM, TOBHOIO
MipOIO PO3BSIBYETHCS TPOTHPIYUS MK MU JIBOMA MeXa-
HIYHAMH BJAaCTUBOCTSIMU Matepianmy. Llei edexT HaouHO
JIEMOHCTPYIOTh Pe3yJIbTaTH, PEICTaBIIeH] Ha puc. 3, 4.

1
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PucyHok 4 —Mikponedopmaii y 6GiMoganbHii Mepexi
32 OJTHOBICHOTO PO3TSTHEHHS Y MPOCKLIISIX:

BucHoBku. JIeMOHCTpaIli€lo came 3MaTHOCTI Tie-

2

lam

PucyHok 3 —OcepeHeHi Hanpy>KeHHs y
GimMoaTBHIN MeperKi MOPIBHSHO i3
YHIMOZIbHIMH MEPEKaMU 3 KOPOTKHX
Ta JIOBrHX BOJIOKOH O/IHAKOBOI II{TBHOCTI

pendavaT MOBEIHKY HOBHX MaTepiaiiB, a HE BIATBO-
pIOBAaTH BUMIPSHHHA BiITYK BXK€ ICHYIOUHX, CIIYKHUTb
MOJIeNTh KOMIO3HITIHIX ToJIiMEepHUX Mepex. Ha mpu-
Kmani OiMOJambHUX MOJIEIBHHUX eJaCTOMEpiB, IO
CKIIaIAlOThCSI 3 KOPOTKHX 1 JIOBTUX MAakKpOMOJEKYIH,
MTOKa3aHo, SIK 3alPOIIOHOBAHMM IMiJIXiT O TOMOTeHi3a-
1ii Moke OyTH PO3MOBCIOKEHUH Ha BUMAIOK JEKiJb-
KOX BIJIMIHHUX CKJIaJI0BHX MikpoOymoBu. lle nae 3mo-
I'y OLIHUTH BIUIMB BMICTY OKpeMHX (pakuii moiime-
piB, a TakoXX iXHBOI MOJIEKYJIAPHOI Baru Ha TNPYXKHI
BJIACTUBOCTI Ta MIIHICTh MOJEIBHOTO €JIACTOMEpY.
3Beprae Ha cebe yBary, IO Ii¢ CITiBBiIHOIICHHS € HE-
OYCBUJHUM Ta HE MiIKOPIOETHCSA MPABHITY CYMIIICH.
Hampukmnan, 3a moegnanas 10% 1oBrux JaHIIOKKIB Ta
90% Hag3BUYaHO KOPOTKHMX JIAHIIOKKIB MOJKHA
OTpUMAaTH Matepiall, MOAyJb MpyxKHOCTiI sikoro B 10
pa3iB BHIUH 332 MOIYJIb MOHOJUCIIEPCHOTO TIOJIMEpY,
mo Ha 100% cknmagaetbest 3 mepmoi (pakiii, mporte
MpH I[bOMY, SK 1 TOW, 3MATHUH pO3TATYBATHCS HA
300%.
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