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OILIEHKA PACHPEJEJEHUA OCTATOYHBIX
HAIIPSIKEHUH B TKAHU
C. H. Tumos

(KocTpomckoii rocy1apCTBEHHBIN TEXHOIOTUYECKUM YHUBEPCUTET)

HpemlomeHa TuroTre3a O XapaKTCepC pacCIpCACIICHUA OCTATOYHBIX
HaHpH)KCHI/Iﬁ B TKaHHW, NPUBCACHLI PC3YJIbTAThI €C C—)KCHepI/IMeHTaHBHOﬁ

OLOCHKHU U C(i)OpMy.III/IpOBaHBI 3a/1a4M 110 pa3BUTHUIO ATOM TMIIOTE3HI.

N3BeCcTHO, YTO MPU KOCOM KpO€ TKAHHW PE3yJIbTAT OTINYAETCS OT
UCXOJHOTrO MIa0JoHa, TKaHb “BeleT” KaK B JIOJIEBOM, TaK U IMOMEPEYHOM
HanpasieHusx. JI. B. MopuioBoii [1] BBINOJHEH NPOCTOM SKCIEPUMEHT,
3aKIIIOYAIOIIUICA B pPa3pe3aHud Ha PACKPOMHOM CTOJI€ KBaJpaTHOIO
oOpasna JBbHSIHON TKaHW MO JUAroHajiv. YTJbl TKaHU IO JUHUU pa3zpesa
Pa30UUINCh, JIMHUS pa3pe3a, BMECTO MPSIMOW JIMHUHU, OKa3alach KPUBOM.
Opnnako, MajlbHEWIIEro aHaiu3a OOHAPYKEHHOTO SIBIICHHS MPOBEJCHO HE
OBLIIO.

Hamu ObUT MOBTOPEH ATOT AKCHEPUMEHT ISl XJIOMYATOOyMaskKHBIX
TKaHEH TMOJOTHSIHOTO MEPEeIIeTeHUs — HAaOMBHOIO CUTIIA U COPOYECUHOTO
nonorHa. PaspesaHue mNpouM3BOAMIOCH HAa POBHOW T'OPU3OHTAIBHOU
MMOBEPXHOCTH JUCKOBBIM HOKOM. DoTorpaduu pe3ynbTaToB MPEACTABICHBI
Ha puc. |l u2. 31ech BUAHO, YTO COPOYEYHOE IOJOTHO IMPU €ro MaJIoM
MMOBEPXHOCTHOM  3arojIHeHHH (puc. 1) JaeT 3HAYUTENBHO MEHBIIUE
HUCKakeHUs: (OPMBI MPU KOCOM KpOE€ MO CpaBHEHHUIO C Oosiee TUIOTHBIM
HaOWBHBIM CHUTIEM (pHUC. 2). DTO CpaBHEHHUE 3aCTaBJsIeT MPEANOJIOKUTD,

qTo IIe(l)OpMaI_II/ISI BbI3BaHa CHATHUCM OCTATOYHBIX HaHpH)KeHHﬁ.



Puc. 1. HaGuBHO¥M curten

Puc. 2. CopouedHoe monoTHO



Ecnmu Obl 3TM HampspKeHUs OBLUTM BbI3BaHBI JIMIIL IPOIECCAaMU
OTJICJIOYHOTO TPOM3BOJCTBA (HANMpUMEp, MPABKOH yTKa Ha CYIIUIBHO-
IIUPUIILHOM arperare), TO OHHU JOJ/DKHBI OBITh JIOCTATOYHO PAaBHOMEPHO
pacnpeelIeHHBIMH KaK BIOJIb OCHOBBI, TAK W BIOJb YTKa. PaBHOMEPHOCTH
(OTHOPOHOCTD) TTOJISI HATIPSIKCHUH JOJIKHA MPUBECTH U K PABHOMEPHOCTH
OTHOCUTENBHBIX JaedopManuii, HMH OO0yCIOBICHHBIX. OJIHMHAKOBBIC
OTHOCHUTENIbHBIC JehOpMAaIK NP PABHBIX HUCXOIHBIX pa3Mepax IOJIKHBI
MPUBECTH W K PAaBHBIM CYMMapHBIM aOCONIOTHBIM JedopMalusmM, 4To, B
CBOIO O4Yepe/b, MOJDKHO OOECICUUTh COXpaHCHHE (OPMBI JIMHUKA KpPOS,
MIPUBOJIS JIMIIB K MPOMOPIHOHATEHOMY U3MEHEHHIO Pa3MEpPOB BBIKPOECK 10
CpaBHEHHIO ¢ 11a0JIOHAMHU.

OpHako, Kak ITOKa3bIBaCT NPAKTHUKA, NPOMOPIHOHATBLHOCTh HE
coOmroaeTcs. DTO 3HAYUT, YTO OCTATOYHBIC HAMPSDIKEHUS PACIIPEACIICHBI B
TKAaHH HEPaBHOMEPHO — YEM Jajibllie OT KPOMOK, TEM OHH OOJIbIIIE.
CrnenoBaTenbHO, TEPBONPUYMHOW TaKOTO PACTPEICICHUS HaNPSHKCHHM
SBJIICTCS TIPOIleCC TKayecTBa, TAe B IIpolecce NpUOOsS MPOUCXOTUT
ypaboTka (ycajka) HATEM OCHOBBI M YTKa, MPHUBOJSIIIAS K TOMY, YTO B
CpeIHEW dYacTM TKaHW BBICOTA BOJIH HM3rM0a OKa3bIBACTCS HECKOJIBKO
0O0JIBIIIEe, YEM IO KpasiM. DTO BBI3BAHO TEM, YTO YTOK, OYIyYH HATAHYTHIM,
BBI3BIBACT IIONEPEYHOE CMSITHE OCHOBHBIX HHTEH, YTO ITOCTEIEHHO, IIO
Mepe paboThl CTaHKAa, MPUBOJUT K YBEJIMUYCHUIO YpPaOOTKHM OCHOBBI B
CepeIMHe TKaHW W, KaK CJICJICTBHE, K POCTY HATSKCHHUS OCHOBBI B DTOM
3oHe. [locneaHee MPUBOAUT K YBEITUYCHHUIO BBICOTHI BOJHBI M3rH0a yTKa |
YBEIIMUCHUIO HEPAaBHOMEPHOCTH €0 HATSHKEHHsA, a Takke — K
BO3HUKHOBEHHUIO KPHBU3HBI YTOYHBIX HUTEH (JIyTOBOMY MIEPEKOCY yTKA).

JICHCTBUTEIIBPHO, €CIM  IOJOXKWUTHh yCaAKy TKaHU TI0 YTKY
pPaBHOMEPHOM B MPOIIECCE TKAYECTBA, TO CMEIICHNE YJICMEHTOB TKaHU K €€

cepenuHe OyneT mpsiMO MPONOPIUOHAIBHO PACCTOSIHUIO 3THX 3JIEMEHTOB



OT CepelUHbl TKaHU. Torjga HampsHKEHUsS MOMEPEYHOro CMATHS (CKATHSA)
OCHOBHBIX HUTEH W YpPaBHOBCIIMBAIOIINE WX HAMPSOHKCHUS] PACTSHKCHUS
YTOUHBIX HHUTEW OyAyT ONpPENeNaTbCs HWHTErpaJioM OT  MPsSMOU
MPOMOPLMOHAIIBHOW 3aBUCUMOCTH CMelleHusd. MHTerpan oTr JIUHEWHOU
3aBUCUMOCTH — TlapadoJia, a OT MPSAMON MPOMOPIUOHAIIBLHONW — Tapabouia,
CUMMETpPUYHASI OTHOCUTEIIBHO CEPEIUHBI.

['mmoreza 0  HEPAaBHOMEPHOM  pACHPEACICHHM  OCTATOYHBIX
HaNpsDKeHUM  BIOJIb AK€ OJIHOM CHUCTEMBbl HHUTEH YK€ TO3BOJISET
O0OBSICHUTH UCKPUBJICHUE JTMHUM KPOsI, HO €€ TpeOyeTCsl SKCIIEPUMEHTAIIHHO
MIPOBEPUTH, XOTs Obl HA KAYECTBEHHOM YPOBHE.

{1t 3TOro OT MONYJBHSHOTO MPOCTHIHHOTO TMOJIOTHA OTPE3aiu IO
Bcet ero mmHe (150 cMm) oTpe3anu moJsiocy aiauHOM okoyio 20 cM, K
KpOMKaM KOTOpPOW MPHUIININ PYKaBUMKUA W3 JIBHIHOTO Ope3eHTa, 4epes
ONMH W3 KOTOpPHIX oOpaser] MOJABECWIM Ha TOPU3OHTAIBHYIO TPYyOy
nuameTpoM 20 MM, a BO BTOPOH PyKaBUMK BCTaBUJIW KPYTJIBIA JEPEBSIHHBIN
CTEp)KeHb Takoro ke sauameTrpa (macca — okojo 30r). Ilocinegnuii
npeAHa3Havayicsl  JUIsl  TOJBEIIMBAaHUS K €ro  KOHIAM  TPYy30B,
obecrneunBarOImMMX pacTsikeHue oOpasmna. Ha oOpaser; mpenBaputenbHO
ObUTM HAaHECEHbl METKHM, HAauWHas OT €T0 CEepPeUHBbI, C IIaroM 5 cM
(kpaliHue METKHM M3-3a IIIBOB OKAa3aJIUCh OTCTOSIIIMMHU OT MPEABIIYIINX Ha
4 cm). Takue ke METKM ObUIM HAHECEHBI HAa Y3KYI0 OYMaXHYIO JICHTY,
CKpEIUICHHYIO C TKaHbIO B ee cepeanHe. K o0ouM KoHIITaM MEPHOM JICHTHI
ObUTM  TPUKpEIUIEHbl  HEOOJbIIME TPY3UKH, OOecreuuBarouiue ee
pacripaBiieHHOe cocTosiHuE. [Ipu 3TOM BepXHUI KOHEIl MEPHOM JICHTHI ObLI
MEePEeKUHYT Yepe3 Ty ke TpyOy, Ha KOTOpOM MojABelIeH oOpasel. 3aTeM
npoBoawiu (ororpadupoBaHue 0Opas3lia BMECTE C MEPHOU JIGHTON Kak J0
HarpyxeHus, Tak u npu Harpy3kax 3, 6 u 9 krc (30, 60 u 90 H) u nocne

Pas3rpyKCHH, obecrieynBas IIpHU 5TOM BBIACPIKKHU 110 5 MUHYT.



B pesynbrare monydeHa cepus ¢dororpaduii, oaHa U3 KOTOPBIX

MIpUBEJICHA Ha pUC. 3, a YKPYIMHEHHBIN (hparMeHT — Ha puc. 4.

Puc. 3. O0Omuii Bug Puc. 4. ®parmeHT cUCTEMBbI U3MEPEHUS
CHUCTEMBI HAarpy>KeHHsI

Bce dororpadun obmero Buga 611 umnoptupoBansl B AutoCAD
(kaxxmass B OTHEIbHBIN clioi). B OTAECNBHBIX CJIOSAX, COOTBETCTBYIOIIMX
MEpHOH JIEHTE U TKaHU, BPYUHYIO B PEKUME 070 ObUIM MPOBEICHBI MOBEPX
MeTOK Ha ¢oTtorpadusx OTpe3Kd TMOJWIUHUM U  MPOCTABIICHBI

COOTBETCTBYIOIIIME YUCTOBBIE METKU (puc. 5). Ilocie BBIKIIOUEHHUS CIIOEB C



cpencTBamMu

dbororpadusiMu  pacCTOSTHUSI MEXKAY OTpPE3KaMHU ObUIH

AutoCADa u3mepens! (puc. 6), pe3ynbTaThl cBe/leHbl B Tabnuny MS Excel,

OTHOCHUTCIIBHBIX
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Puc. 5. O6paboTtka cepuu pororpaduii B AutoCADe
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Puc. 6. U3mepenue paccrosuuii mexxny otpe3kamu B AutoCADe

(V)

4TO TakKasAd TCXHOJIOTHUA TIPOBCACHUA HU3MCPCHUU

EctecTBenHo,

BJI€YET 3a COOOW 3HAYMTENIbHBIE MOTPEIIHOCTH, OOYCIOBIEHHBIE, MPEXKE

(v

BCCTO HpI/ICYH_Ieﬁ TCKCTUJIbHBIM HU3ACIINAM HCPABHOMCPHOCTBIO CBOHCTB, A

TCKXKEC — CY6’BCKTI/IBHBIM YCIOBCUCCKUM q)aKTOpOM.



[Tonnas cBonHAs TabauLa pe3ynbTaToOB U3MEPEHUM

Tabnuya 1

3 &r, 0 mumyT

3 Kr. 5 MHHYT

6 xr, 0 ammyT

6 Kr. 5 MHHYT

9 gr. 0 nvumyT

O Er, 5 MuHYT

Pazrpyixeno 0 ymnyr

Pazrpyaeno 5 aumyT

DTamomH

Pazvep

[V . %9

DTamon

Paznep|

Vam.%
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nedopmanuio. [loaTomy nanHble ObUTH OCPETHEHBI U CBEJICHBI B TAOIUITY 2

Pe3y.HBTaTBI OCPCOHCHHA

Tabnuya 2
M 1ET £ e o g Pazrpyvesno
T4 1.10 1.14 7.11 8.26
10 4,42 6,00 4.75 4.01
635 0,40 4,52 9,49 -1,79
60 3.00 6,80 3.49 1.16
55 2.97 3.94 7.10 0,05
50 3.10 3,97 6,62 5,18
45 6.67 6,39 5.38 2.19
40 0,57 4.75 8.00 5.05
35 4.71 6.32 T 1.89
30 5.83 5.97 6,05 2.88
25 1,70 5.23 8.21 2.44
20 2.00 3.32 7.18 7.88
15 4.27 7.48 3,91 2,48
10 5.65 3.15 8.40 4,69
5 2.14 7.24 9.13 3.81
-5 4.26 5.04 10,25 4 87
-10 0,25 7.07 7.38 6,40
15 0.95 7.11 7.54 3.16
20 .48 7.02 9,97 2.49
25 2.68 5,70 8.25 4 64
-30 1,35 7.38 5,15 207
-33 0.59 6.90 8.28 2:75
-40 7,97 431 10,13 3,26
45 1.37 5.44 6,82 7.06
-3 4.93 7.54 6.06 3.03
33 0.80 6,53 944 0.36
-60 5.63 7.14 6.65 4.72
-63 2.90 3.58 5.93 4.55
-70 4.93 7.30 7.04 2.94
-74 0.43 242 10,58 1,02
Cpegmes 3.16 5,72 7.43 3.65




Jist uckioueHus: (pakropa HEPABHOMEPHOCTH IO OTHOCHTEIBHO
MaJeHbKUM HWHTEpBajaM TocleAHue ObUIM YKpyIHEHbl. Pe3ynbraThl
npejacTaBiieHbl B Tabnuie 3 u Ha puc. 7. KpuBble Ha rpadukax moCTpOEHBI
MyTEeM anmnpoKCUMAIMK JAHHBIX TabJl. 3 0OCECUMMETPUYHBIMU MapadoiaMu
METOJOM HaNMEHBIINX KBAJIPATOB.

Tabnuua pe3ynbTaToB MO YKPYIHEHHBIM HHTEpBaJlaM

Tabnuya 3
Ne 3 kxr 6 KT 9 xr Pasrpyxeno
60...74 1,97 3,89 7,12 3,49
40...60 3,94 5,28 5,65 3,67
20...40 2,92 5,57 7,20 3,07
0...20 3,51 5,80 7,66 4,72
0...-20 3,48 7,31 8,78 4,23
-20...-40 3,15 6,07 7,95 3,18
-40...-60 3,18 6,66 7,24 3,79
-60...-74 2,76 4,43 7,85 2,84
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FonoxeHune yyacTka Ha TKaHW, CM
O ——3Krc O —9 Krc
& ——06 Krc X = PasrpyxeHo

Puc. 7. Pacnpenenenue negopmariuii o mupuHe TKAHU
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N3 pe3ynbTaTOB BHUJIHO, YTO MPAKTUYECKH BO BCEX ClIydasix
nedopManusi peryaspHo YObIBa€T OT CEepeArHbl K KpOMKaM, YTO

MMOATBCPKAACT IMPCIAJIOKCHHYIO TUIIOTC3Y.

BriBobI:

1. TlepBonmpu4rHON HEPAaBHOMEPHOCTH AehOopMallui TKaHH MPU PACKPOE
MOXHO CUYWTATh TMPOIECCHI, MPOUCXOAAINIUE NpH (HOPMUPOBAHUU
TKaHHM Ha TKAIIKOM CTaHKE.

2. BayTpeHHUE HaNps)KEHUSI B TKAHU paclpeeIeHbl HEPABHOMEPHO, UX
YPOBEHb HMEET MAKCUMYM B CEPEIMHE TKAHM.

3. Jlnsa GoJiee TOTHOTO aHAIM3a XapaKTepa pacipeeieHus Halps KEHUM
TpebyeTcs pa3pab0oTKa COOTBETCTBYIOIICH MaTeMaTHYECKON MOJIETU U
€€  KOJMYECTBEHHAs OLEHKAa ¢ [OMOLIBKD  HM3MEPUTEIBLHOMN

anmnapaTypbl, UCKIIOYAIOIIEH BIUSHUE YEI0BEUECKOr0 akTopa.

Jlutepatypab
1. Mopunosa JI. B. Pa3padoTKa MeTOA0B OLICHKH U MPOTrHO3MPOBAHUA
U3MEHEeHMs JIMHEHHBIX pa3MepoB JIbHSAHBIX TKaHeHl B JeTajasix
oJexAbl KOcoro kpos / luccepraius Ha COMCKaHUE YUEHOU CTETICHH

KaHauaaTta Texundaecknx Hayk — Koctpoma: KI'TY, 2008 — 125 c.

S. N. Titov



