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YK 687.03 : 620.22
BJIUSTHUE CBOMCTB UCXOJHBIX KOMIIOHEHTOB NAKETA OJIEXK]IbI
HA KAYECTBO I'OTOBOI'O U3IEJIUA
JLJI. Yazuna, H.A. Cmupnosa

B pesynbTaTte 3KCnepuMeHTarlbHbIX MUccneaoBaHuii BbisIBIiEHA B3aMMOCBSI3b CBOMCTB NakeTa oaexabl U3 NbHOCO4epXalWnx maTte-

pvarnos B LIefIOM CO CBOWCTBaMM UCXOAHbIX KOMMOHEHTOB.

ITakeTsl OAEkIbI MPEACTABIIIOT COO0H MHOIO-
CIIOWHBIE CHUCTEMbI, (POPMOYCTOHYMBOCTh KOTOPBIX
OTIPEIETSIETCSI JKECTKOCThI0, HECMHHAEMOCTBIO, YCTOM-
YUBOCTHIO K PACTATHBAIOIIMM YCWIMSM M 3aMayuBa-
HHUIO. OTH CBOHCTBa TECHO YBS3aHBI CO CBOMCTBaMHU
WCXOJIHBIX MaTE€PUANIOB, UX B3aMHBIM PACIIOIOKEHHEM
B cHCTeMe W crocobamu KperuieHus. I[IpoBeeHHbIC
vccienoBanus [1] mokasanu, yTo CBOMCTBA IMaKeTa Ofl-
penensoTcsl  CBOMCTBAaMHM  HCXOJHBIX KOMIIOHEHTOB,
KOMIUIEKTYIOIIAX 3TOT TakeT. JKecTKOCTh Iakera u3
TFOOBIX TEKCTIIFHBIX MaTeprasioB OyJeT CBsS3aHa 3aBU-
CHMOCTBIO C CYMMAapHOH >KECTKOCTBIO COCTABJIAIOIINX
MIAKeT MaTepHaIoB. 3a/1a4a 3aKIIF0YaeTCsl B ONPEIeTICHUH
K03((HULIHEHTOB B 3aBUCUMOCTH OT UX MACChI, TOJIIIHHBI
U CTPYKTypbl. Pa3paboTaHbl MareMaTHYeCKHAE MOJIEIH,
OTIPEJIETISIIOIINE B3aUMOCBSI3b CBOWCTB MAKETOB  OJIEK-
JIbl, BKJIFOYAIOLINX KOCTIOMHBIC TKaHU, MPOMBIIIJICHHBIE
MPOKJIAIOYHBIE U MOJKII0UHbIE MaTepHabI [2].

Jnst peanuzanuy BO3MOXKHOCTH MPOTHO3UPO-
BaHUS JKCCTKOCTH HAa W3rHO IaKEeTOB ONESKIBI M3
JHHOCOJEPKALIIX MaTepPHaIoB Ha OCHOBe HWH(pOpMa-
UM O JKECTKOCTH KOMIUIEKTYIOIINX ITaKeT MaTepua-
JIOB TIPOBEACHO SKCIIEPUMEHTAIBHOE HCClIeioBaHme. B
KauecTBe OOBEKTOB MCCIIEAOBAHUS BBIOPAHBI: [BE
TPYNIBl KOCTIOMHO-IUIATHEBBIX JIBHAHBIX TKaHEH —
YUCTOJIFHSHBIE ¥ JIBHOXJIOTIKOBBIE;, pa3pabOTaHHBIC
JLHOCOIEpKAINE TEPMOKIJIEEBbIE MPOKIATOUYHBIE Ma-
tepuanbl (TTIM) u kieeBble COEAMHEHHUS, TOTy4YeH-
HbIE U3 BBIICYKa3aHHBIX KOMIIOHEHTOB.

OOpa3ipl TkaHel BbIpaboTaHbl Ha «bosbinoi
Kocrpomckoii npHstHOM ManydakType». C 1ensio odec-
MEYEHUs] €IUHCTBA CBOMCTB MaTepHUajoB, COCTaBIISIO-
IIAX TTaKeT OAEXKIIBI, UX COYETAeMOCTH M COOTBETCTBHUS
IpyT IpyTy pa3paOOTaHBl HOBBIE TEPMOKIICEBEIC IPO-
KJIaJJOYHBIE MaTEePUAITBI U3 JIBHOCOAEPKAILINX MaTepha-
JIOB HA TKAHOM W TPHUKOTaXHOW ocHOBax [3]. B kaue-
CTBE KJIEEBOIO TIOKPBHITHS HCIOJIB30BATH BOTHYIO
SMYJBCHIO aKpUJIOBOTO Kiiesl. TPUKOTaKHbIE OCHOBBI
MOJi TEPMOKJICEBOC MOKPBITHE BHIpAaOATHIBAINCH U3
JIbHOJIABCAHOBOW MPSDKK HA IUIOCKO()AHTOBBIX MAIllu-
Hax TEpeIUICTCHUEM TJajb. TKaHbIe OCHOBBI BhIpada-
THIBAIUCH JIBHOXJIOIIKOBBIMH (OCHOBa — XJIOTIOK, YTOK —
neH) Ha cranke CTB 2-180. IlepBblii BapuaHT TKaHOU
ocHoBbI 11t TTIM mipencrasisier co60i HepaBHITBHBIN
caTvH. Y OCHOBEI BTOPOTO TaKoe e IeperieTeHne, Ho
YMEHBIIICHa TIOTHOCTH 10 0cHOBe. OCHOBHEIE TIOKa3a-
TEJTH Ka4ecTBa MPOKIAJOYHBIX MaTePHAIOB IPHBEICHBI
B TaOumie 1.

AHanu3 pe3yibTaTOB SKCIEPUMEHTATBHBIX
JNaHHBIX (TabJy. 2) mokasall, YTO JKECTKOCTh MaKETOB
OBl CYIIECTBEHHO OTJIMYAETCS OT CyMMAapHOH
KECTKOCTH MaTEPUAJIOB, BXOSIIUX B MAKET, KaK mpa-
BUJIO, MPEBBIIIIAs €€.

B pesynbraTe MaTeMaTHUECKOW OOpaOOTKH
MOJYYCHHBIX JKCIIEPHUMEHTAIBHBIX JTAHHBIX yCTAHOB-
JICHO, YTO MEXIY JKECTKOCTBIO MMAKETOB M CYMMapHOM
JKECTKOCTBIO CIIOEB MATEPHAJIOB UMEETCS JOCTATOYHO
TeCHast KOPPEISAIHOHHAs CBSA3b, KOTOpas IMOATBEP.IH-
nmach KO3(PPUIHNECHTOM KOPPEISIUH, WU KOPPEIIH-
OHHBIM OTHOIICHHUEM.

Hailinensl MareMaTuueckue MOJEIU CBA3U Me-
KTy CYMMapHOM >KECTKOCTBIO CJIO€B ITaKeTa M XKeCT-
KOCTBIO KJIEEBOTO COEJMHEHUsI M3 JIbHOCOAEPIKAILIMX
MaTepHalioB, HMCCIIENOBaHHBIX B padoTe. YpaBHEHHE
perpeccuu MpeCTaBsieT CO0OW ypaBHEHHE HPSIMOW
muaMn (puc.la) IUIs MakeTOB ¢ TPUKOTAXHBIM MPO-
KJIQJIOYHBIM MaTepHAaIOM:

P..=148P,, —2,2, (1)

rae Py — JKecTKkoCcTh makera MarepuasioB (OCHOBHAs
TKaHb + TIIM);
Py — CyMMapHas »KeCTKOCTb MaTepHalloB, CO-
CTaBJISIONINX TTAKET.

JIist KJIeeBOTO COCJIMHEHUSI C TKAHBIMU TPOKIIa-
JIOYHBIMUA MaTepHUallaMU YPaBHEHHE JJIsl [IPOTHO3HMPO-
BaHMSI JKECTKOCTH MaKeTa OJEK/Ibl M0 CYMMAapHOH JKe-
CTKOCTH MCXOHBIX MaTepraaoB umeer BUI (puc. 106):

P =022P, —032P

cym

+2,74. Q)

AJleKBaTHOCTh MOJEJel IpoBepeHa 1o KpuTe-
puto dumepa npu nosepurensHoi BeposTHOCTH 0,95
U TIOJITBEPIKACHA M.

Hailinennsle mMaTeMaTuyecKue MOJEIH MOTYT
UCIIONB30BaThCS € NOCTATOYHOH CTENEHBIO JTOCTOBEp-
HOCTH [UISl pacyeTa >KECTKOCTH MAKETOB 110 JaHHBIM
CYMMapHO# JKECTKOCTH CJIOE€B COCTABIISIOIIMX €ro
MarepuanoB. B 3ToM ciydae HeT HEOOXOIMMOCTH
HPOBOJUTH HCIIBITAHUS MTAKETOB OJEXKIBI: JOCTATOYHO
MMETh JIaHHBIE )KECTKOCTU OT/AENBHBIX COCTABIISIOLINX
MaTepHalioB, U3 KOTOPBIX KOMIIOHYETCSI MaKeT. 3Has
HEOOXOAMMbIE BEIIMYUHBI JKECTKOCTU IAKETOB IS
Pa3IMUHBIX BUJIOB M Y3JIOB OJEKAbI, MOXXHO HOAOH-
paTh MaTepualIbl JUIsl NIAKETOB C 33/IaHHOW BETMYMHON
JKECTKOCTH. DTO IO3BOJIUT YIYYIIUTh KauecTBO OJie-
JKIIBI M HCIIOJIB30BaHUE MaTESPHAIIOB.
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Tabmuma 1
OcHoBHBIE TTOKa3aTenu kadectsa TTIM
[Toxazarenu TKaHbII TPUKOTAXKHBIN
1 BapuaHT 2BapHaHT
1. BookHHUCTEII cOCTaB (BH]] BOJIOKHA) O0CHOBA — XJIOIIOK OCHOBA — XJIOIIOK 50% — 1nen,
YTOK — JIEH YTOK — JIEH 50% — naBcaH
2 TI0BEpXHOCTHAS [IOTHOCTD, I/M’ 140 110 90
3. Tommmuaa, MM 0,62 0,59 0,42
4. JIu"eiHass IIOTHOCTH, TEKC, TO 29 29 42
Ty 38 38
5. AbcomtotHas wiotHocTh, [lo (I1B) 212 106 28
Iy (Ir) 126 126 58
6. JInuHa HUTH B METIIC, MM - - 9,1
7. Ilpounocts cxienBanusi, H/cm 4 3.6 3,0
8. XKectkoctp Ha n3rud, cH, Ilo (I1B) 43 1,6 23
Iy (Ir) 3,8 3,1 1,7
9.¥Ycaaxka nocie 3amaunBanus,%, [1o (I1B) 3 3,5 2,5
Iy (Ir) 2 2 1,8
Tab6muma 2
JKecTKOCTh OCHOBHBIX TKAHEH U KJIEEBBIX COEIUHEHUN
OCHOBHOI1 MaTepHan XKectkocTh makeTa Ha W3-
rub, cH, kieeBoro coemu-
HEHUS C
= [lepennerenue HOBerHOCTHag § T % % ’§ a LS
g IJIOTHOCTD, I/M g = =E = 8 E
= g€ | 2 ZEE£ |2
g EE |2 | Ez2gz| sz
2 38 | ¢ | gZ5 | B2
= S R E o
YucTonbHSIHBIE TKAaHU
1 Menkoy3opuaToe (KpernoBoe) 190 3,4 12,6 6,8 6,5
2 I'maBHOE (caprkeBoe) 210 2,9 11,9 6,2 5,2
3 Menkoy3opuaToe (IPOU3BOJTHOE CAPIKEBOI0) 164 3,4 15,3 7,8 6,7
4 Mekoy3opuaroe 190 2,3 8,1 5,2 5,7
5 Menkoy3opuaToe (KpernoBoe) 180 3,7 14,4 8,6 6,5
6 Menkoy3opyiaToe 170 4,7 21,2 9.4 8,6
7 I'maBHOE (ONOTHSHOE) 220 7,5 28,5 13,8 10,2
8 I'maBHOE (MOJIOTHSHOE) 220 5,5 19,8 11,7 9,9
9 I'maBHOE (MOJIOTHSHOE) 220 5,7 24,5 11,5 8,6
10 ['naBHOE (OJOTHSIHOE) 220 5,0 20,5 11,5 9,1
JIbHOXJIONIKOBBIE TKAHH
11 | Menkoy3opuaroe (KpernoBoe) 184 1,3 5,9 2,9 3,4
12 JKakkapaoBoe 190 23 9,0 5,5 4.1
13 JKakkapaosoe 200 2,1 9,5 4.2 4.7
14 | JKakkapnosoe 190 1,8 8,1 4.2 3,3
15 JKakkapmoBoe 184 3,4 13,9 7,6 7,5
16 JKakkxapaoBoe 190 23 8,7 4,7 4.4
17 JKakkapaoBoe 200 1,8 7,9 3,7 4.6
18 JKakkapaosoe 190 1,8 8,1 3,9 2,8
19 | Menkoy3opuaroe (IpOHM3BOAHOE MOJIOTHSHOIO) 184 3,9 15,2 8,4 5,7
20 Menkoy3opyiaToe 190 3,4 12,9 7,6 5,5
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CyMquHaﬂ HCECMKOCME KOMNOHEHMOE

Kaee6oco coedunenud, cH

Puc.1. IIporHo3upoBaHue ;KeCTKOCTH KJIeeBbIX COeMHEHHMI 110 CYMMAaPHOM KeCTKOCTH MCXOHBIX KOMIIOHEHTOB

AHanmm3upysl pe3yneTathl (Tabnm. 2), ciemyer
OTMETHTh BJIHMSHWE BHIA IEPEIUICTEHHs] OCHOBHOU
TKaHW Ha CBOMCTBA makeTa B LenoM. Ui capKeBoro
neperuieteEns  (Ne2) pesynpTHpyOmas >XECTKOCTh
MakeTa MaTepPHajoB 3HAYUTENFHO MEHBIIIE KECTKOCTH
MakeTa ¢ OCHOBHOM TKaHbIO OJAMHAKOBON IOBEPXHO-
CTHOHM IUIOTHOCTH TOJIOTHSHOTO mnepersereHust (Ne§,
9, 10). Takum 00pa3oM, MOJOTHIHOE MEPEILICTCHUE
OoJiee HKECTKOE 110 CPABHEHHUIO C Cap)KeBBIM. AHaJO-
THYHBIH BBIBOJI MOXKHO CJlieNlaTh, CpPaBHUBAs JIBHO-
xytonkoBbie TkaHu Nell u 19.

OreHKa BIUSHAA TPOKIAIOYHBIX MAaTEPHAaIOB
Ha yIpyTHE CBOWCTBA MMAaKETOB MPOBOJMIACH MO ABYM

MOKa3aTeJsIM: CTETeHb YIPYTOCTH U HECMHUHAEMOCTH
MIPU OPUEHTHPOBAHHOM CMATHH. BBIOOp BTOpOTO TO-
Ka3zarens OOyCIOBJIEH TEM, YTO B JINTEPATYPHBIX HC-
TOYHUKAX MO KJIEEBBIM COCOMHEHHUSM OOHApY)KEHBI
JTaHHbIE, HEOOXOIMMBIE AJISI CPaBHUTEIBHON OIICHKH
TOJILKO IO 3TOH Xapakrepuctuke. B padote [1] ycra-
HOBJICHO, YTO OTHOIIEHHE HECMWHAEMOCTH MaKeTa ¢
OOPTOBOI MTPOKITAKON K HECMHHAEMOCTH MAaTEPUAIOB
Bepxa cocrasiisieT B cpegHeM 0,94. boproBas JibHsHAs
TKaHb BCJEACTBUE MaJlOM YNPYrocTu YBEIUUYHMBAET
CMHHAaEeMOCTh TakeTa. HecMHHaeMOCTh makeTa ¢ WC-
MOJIF30BAaHMEM B KaueCTBE MPOKIAIKH MIPOKIaMEIHHA
YBEJIIMYMBACTCS HE3HAYUTEIHHO, 2 B HEKOTOPBIX CIy-
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YasxX TIOJIHOCTBIO COOTBETCTBYET HECMHUHAEMOCTH
TKaHH Bepxa. AHAJOTHYHO BIMSHUE HA HECMHUHAae-
MOCTh MaKeTa MPOKIAJOYHOr0 Marepuaia apT. 92.
le/I 9TOM OTMEYACTCA, YTO MMIIOPTHLIC IMPOKJIaa04-
Hble MaTepuanbl, B uactHOcTH ¢upmbl «Kufner»,
UMEIOT JIpPyrHe XapaKTEepPUCTHKH, cOoO0Inas Crocoo-
HOCTB ITOJTHOTO BOCCTAHOBIICHHS (DOPMBI JaxKe TIOCIE
CMSTHS B KyJake [4].

B pesynbpTarte mpoBeIeHHBIX SKCIECPUMEHTATb-
HBIX MCCJIEJAOBAaHUM IO OLIEHKE YNpPYTUX CBOMICTB Na-
KETOB OJISKIBI YCTaHOBIIEHO, YTO B MPOIOIHHOM Ha-
MPaBIICHUH YIPYTOCTh YHCTOJBHSIHBIX TKaHEH H3Me-
HsaeTcss B mpenenax 52—80%, HeCMHHAEMOCTh — 25—
41%; n1st TbHOXJIOIKOBBIX COOTBETCTBEHHO 58—90% 1
41-61%. ITpu xybmupoBaHUN TKAHBIM MPOKIIAT0YHBIM
MarepualioM TOoKa3aTelyd YNPyrocTH U HECMHUHAeMO-
CTHU KJIECBbIX CoeﬂHHeHHﬁ, 10 CPaBHCHHUIO C TKaAHAMU

CITMCOK

Bepxa, yBenuuuBatorcst Ha 20-25%. Y makeToB MaTe-
pHAJIOB C TPUKOTAXHBIM JIbHOIABCAaHOBbIM TIIM yn-
pyrue cBoiicTBa Bo3pacTtaioT Ha 30—45%.

TimaTenpHbli W IIEJCHANPABICHHBIA 000D
TEPMOKJIEEBBIX MPOKIAI0YHBIX MAaTEPHAJIOB ITO3BOJIS-
€T yIpaBJIATh ICPCUHUCIICHHBIMU MTOKAa3aTCIIAMU.
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