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Dressings for restoring organ defects and/or hemostasis in the injury site are being actively applied in operational units. These
dressings are used in various surgeries and are widely represented in the foreign and domestic markets of medical products. Many local
implants have different levels of hemostatic activity, which requires standardization of the algorithm of choice and the methods of their study.

Here the methods of studying the performance properties of hemostatic implants in vitro have been considered and evaluation criteria
of their physical, chemical and organoleptic properties in vitro have been proposed. This will allow a researcher to choose optimal variants of
samples for further experiments on biological models more effectively as well as to save funds, time and reduce the number of experiments

in vivo.

Key words: hemostatic implants; hemostatic dressings; parenchymal bleeding, properties of implants; implant testing in vitro.

BBepeHue

B abgomuHanbHOM XMpypry OTMeYaeTcsl TEeHAEHLMS
K BbIMOMHEHNIO OPraHOCOXPaHSIOLLMX OnepaTUBHBIX BMe-
LaTenbCcTB NpY TpaBMax MNapeHXUMAaTOo3HbIX OpraHoB
(MoYKmM, neveHb, ceneseHka) BBUAY UX BbICOKOW (PYHKLM-
OHanbHOWM 3HauMmocTn [1, 2]. TpaguuMoHHbIe Cnocobbl
OCTaHOBKM KPOBOTEYEHMS — HanoxeHue [1-06pasHbix
LUBOB, TAMMOHaAa CanbHUKOM W Apyrne — He yTpaunBa-
0T CBOEW aKTyanbHOCTM W CErofHsl, Tak Kak obecrneym-
BalOT KOMMPECCUIO BHYTPMOpPraHHbIX cocydoB. OgHako B
cnyvae, Korga MMeeT MecTo KanunispHoe, noBepXHOCT-
HOe KpOBOTEYeHWe, LenecoobpasHo NpUMEHeHVE arnb-
TEPHATMBHBIX WagsaLWmMx METOAMK, NOCKOMbKY HanoXeHne
LUBOB COMPSPKEHO C AOMOSHUTENbHBIM MOBPEXOEHNEM
TKaHel opraHa. JTo 00ycnoBnuBaeT pauMOoHanbHOCTb
MCNOMNb30BaHNs GECLLOBHbLIX TEXHOMOMMI NS 3aMeLLeHUs
dedbekta opraHa u/unyM oCTaHOBKM KPOBOTEYEHMUSI M3 00-
nactu Tpasmsl [3, 4].

CywecTtByeT 60MblUOe KOMUYECTBO CPEACTB Takoro
[OeVCTBMS, NOCTaBNsEMbIX Kak 3apybexHbIMK, Tak n oTe-
YeCTBEHHbIMW MpousBoauTensaMu. Mx adbheKkTBHOCTL
3aBWCUT OT MOAXOAA K U3rOTOBMEHUID MOPMONOrM4ecKon
OCHOBbI 00pas3sLoB, KOTopasl, Kak NpaBuno, NpeacTaens-
€T cobon rybyaTtylo CTPYKTYpY KUBOTHOTO (KOMmareH) unwu
CMHTETUYECKOro (COnMKM Lennionossl) NponucxoxaeHus [9].
ly6uyaTas cTpykTypa obnagaeT aare3avBHbIMU CBOWCTBa-
MW, MO3TOMY MOMOTHO MMMNaHTara uUKcMpyeTcs K Mno-
BEPXHOCTW TPaBMUPOBaHHOIO opraHa 6e3 JononHuTenb-
HOro LUOBHOIO Matepuana ¥ Apyrvx CpeacTB. Bbicokue
nokasatenu agresun — obsa3artenbHbIn KpuTepuii Bblbo-
pa umnnaHTata Ans OCTAaHOBKM KpoBoTeyeHus [6-10].
MoMMMO aaresnBHEIX CBOMCTB, BaXHbl MMrPOCKOMUYHOCTD

M COPOLMOHHOCTb, KOTOpble OBYCNOBMEHL! XVIMUYECK/M
COCTaBOM ¥ MPOCTPAHCTBEHHOWN OpraHu3aLuneit CTpyKTypbl
(nopuctocTn remoctaTudeckmx rybok) [11].

HecmoTpst Ha pocT konuuyecTBa OnepaTvBHbIX BMe-
LIaTENbCTB U yBENMYEHWE MOTPEOGHOCTU XMPYPrndecKmnx
CTaLMOHapOB B reMOCTaTUYECKUX MMMNaHTaTax, npume-
HAEeMbIX [nsi NoKanbHOW OCTaHOBKM KPOBOTEYeHUs, 00-
LLENPUHATLIA  anropuTV OUEHKM 3EEKTUBHOCTU 3TUX
mMatepuarnoB TaK U He CPOPMUPOBAH.

Hamn npegnoxeH [12] anroput™ Bbibopa KpoBOOCTa-
HaBMMBAIOLLMX CPEACTB, MPUMEHSIEMBbIX MPW ONepaTUBHbIX
BMeLLaTENbCTBaX MPEMMYLLECTBEHHO Ha MapeHXMmartos-
HbIX opraHax OptowwHon nonoctu. CornacHo anroputmy,
| aTan — ckpUHUHr-UccnenoBaHne PU3NKO-MeXaHNYECKNX
W TeEMOCTaTUYECKUX CBOWCTB MMMMIAHTaTOB MeTodMKamm
in vitro; |l aTan — meToq «OCTPOro» onbITa in Vivo, KOTO-
pbii HEOBX0OWMM ANs ONpefeneHnst NPOLOIHKUTENBHOCTM
KpoBOTEYEHMA U 06bema kposonoTepw; |l aTan — meton
«XPOHNYECKOro» 3KCNepuMeHTa in vivo — uccnenoBaHune
BbIPaXXEHHOCTU peakuun TKaHEN XMBOTHOMO Ha CPeaCcTBO
npY NOAKOXHOM MMMNaHTaumMm v nNpy MOAENMPOBAHHOM
TpaBMe NapeHXMMaTo3HbIX OpraHoB ¥ Np. ATy 3Tanbl no-
3BOJISIOT BCECTOPOHHE M3Y4UTh KPOBOOCTAHABMMBAIOLLYO
CNOCOBHOCTL TyByaThIX anmnuMKaLMOHHBIX reMocTaTuye-
CKMX MaTepuarnoB N UCKIOYNTb BO3MOXHbIE HEraTUBHbIE
NOCMNEACTBUS UX NPUMEHEHNSI.

BonblUMHCTBO COBpPEMEHHBIX MCCnedoBaTenent cpas-
HMBAKT KPOBOOCTaHaBNMBAOLLME CPeACTBa, ONUPasicb
Ha [aHHble, NoflyYyeHHble B onbiTax in vivo [13]. OgHako
B psifie CryyaeB 3KCMEPUMEHTOB Ha >KMBOTHBIX MOXHO W3-
b6exatb. B HacToswen paboTe Mbl paccMaTpuMBaeM 9dKC-
nnyaTauuoHHbIe CBOWCTBA MMMIaHTaToB, KOTOPbIE MOXHO
OLeHUTb B MCCreaoBaHusX in Vvitro.

Kputepun oueHkun JKcnnyaTauMOHHbIX CBOWCTB ryG‘laTle annnMKauyuOHHbIX reMoCTaTU4eCKUX UMNJIaHTaToOB

Duanyeckme cBoMCTBA Xvmnyeckue cBOACTBa OpraHonenTuyeckve
MexaHnueckie nokasaren Cop6LKOHHbIe NoKa3aTenu KayectBeHHble nokasatenu KonuyectBeHHble nokasatenu CBOWCTBA
[lonHas u ocTatoyHas JInHetHas 1 noBepxHoCTHas Peakuus BOBHOM BbITSXKN Onpenenexne konuyectea  Liger
fechopmaym MNOTHOCTY TKaHel Peakuun Ha onpefieneHne  3asiBNEHHbIX BELLECTB MnoTHoCTb
Pactsxumoctb CreneHb afreswn Hannuns 3asBreHHbIX Onpegenenue konuyectBa  Aaresns K nepyatkam
YcnoBHasi Npo4HOCTb KanunnsipHocTb BeLLEeCTB BannacTHbIX BeLecTs MogenupyemocTb

npu paspbiee
OTHocUTENbHOE YANMHEHIE

CopbLyoHHas 1 nornoT-
TernbHas crnocobHoOCTH

npy paspbiBe Boponornollgxne BELLECTB
TBepaocTb BnaxHocTb
[TnacTnyHocTb

Peakuun Ha onpeneneHue
Hannums BannacTHbIX
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Mon TEPMUHOM «3KCMMyaTaLUOHHBIE XapaKTEPUCTUKM
MEOULIMHCKMX W3AENUiA» Mbl MOHUMAEM KOMIMIEKC Noka-
3aTenen, ykasbliBalLWMX HA BO3MOXHOCTb MPUMEHEHUS
nsgenusa U a@eKTUBHOCTL ero ucnonb3oBaHus [14].
C uenbto 6onee NONHOrO aHanMaa Mbl Pa3genum KCMy-
aTalMOHHbIe CBOMCTBA Ha rpynnbl (COrMacHoO MeToAMKaM
onpeeneHns): Xxummnyeckme, hmandeckue, opraHonenTu-
yeckue (cM. Tabnuuy).

Ha [gaHHbIi MOMEHT NnUllb YacTb OMUCAHHBIX HUXE
METOAVK perfnamMeHTUPOBaHbl COOTBETCTBYHOLLMMKU [J0O-
kymeHTamu (FTOCT), npeacraBneHbl B [OCyAapCTBEHHOW
apmakonee v np. AT METOAMKN NPAKTUYECKN HE MEHSI-
NUCb C MOMEHTa uX pa3paboTku, OQHAKO OHW HE TEPSItoT
CBOEWN aKTyanbHOCTW, OCOBEHHO MpY WCMONb30BaHUM B
KOMMIIEKCe.

OnpepeneHune hn3n4eckmx CBOUCTB

WccnepoBaHve  aKCnnyaTauUOHHBIX — XapakTepuCTUK
reMocTaTM4yeckux WMMNaHTaToB cnegyer HadvHatb C
OLIEHKN cOPO6UUOHHbIX noka3zamenel. /IMEHHO OHU Xa-
paKkTepusytoT CBOMCTBO, KOTOPOE NEXUT B OCHOBE KpPO-
BOOCTaHaBNMBaloLLLEero AeUCTBUSA Takux Cpeacts, — afd-
reauto [15, 16]. CornacHo pusnM4eckoMy NOHUMAHWIO,
agresvs — 3TO CLENneHne NOBEePXHOCTHbIX COEB ABYX
pasHopOoAHbIX Ten (has), NPMBEAEHHBLIX B CONMPUKOCHOBE-
Hue. [Ina Gonee NOMHOrO MOHUMAHWUS CyTW OAHHOTO SiB-
neHust obpaTUMcsa K 3aKOoHaM KIacCUYEeCKOM MeXaHWKK,
a VMEHHO K TpeTbeMy 3akoHy V. HbloToHa, KoTopbIv rmna-
cut: «Cuna gencrTeus paBHa cune MNpoOTMBOOEWCTBUSY.
NHbIMM cnoBamu, obbem ycunuin ansi pasodLieHnst no-
BEPXHOCTEW paBeH cune ux B3aumomenctsust (agresun):
F,=—F,. OueHka cunbl aare3unn Hambonee BaxkHa npu pas-
paboTke TEXHOMNOMMN AN USMEHEHWS CBOWCTB NPOAYKTA
noBhbILLEHNS ero acpdekTnBHoCcTM [17].

N3yyeHne agreaum — CrOXHbI/ MHOFOCTOPOHHUI,
MHOrOCTYMeHYaTbIn NPOLECC, NpU KOTOPbIM YYUTLIBAOT-
CS1 CBOMCTBA KOHTAKTUPYHOLLMX NMOBEPXHOCTEN (TEKCTYpA,
NAOTHOCTb, 3MacCTUYHOCTb, CMa4YMBaemMoCTb, BS3KOCTb
M Np.) U cpefa MX KOHTaKTa — B YaCTHOCTM, BNAXHOCTb
[18, 19].

WccnenoBaHus 3Tux XapakTepucTuk MOXHO NPOBOANTL
pacyeTHbIMM METOAAMU HA OCHOBE Takux 6a3oBbIX nNapa-
METPOB, Kak AfvHA, W1pMHa U macca 0bpasLoB, YTO He
TpebyeT UCMonb30BaHUSI JOPOroCTOsILIEro U TPYAHOOO-
CTYMHOro 060pYya0BaHNS.

Mpy aHanuse onpenenstoT NUHEVHYI0 U NOBEPXHOCT-
HyH NNoTHOCTh [20-22]. JInHerHy nnoTHOCTL obpasua
M, (r/cm) paccyuTbiBatoT No hopmyne

M/=m/'102/L,

r4e m, — Macca To4eqHou npobel, r; L — cpeaHss gnunHa
ToYe4Hou Npobbl, CMm.
MoBEpPXHOCTHYO MNOTHOCTb M (r/cm) BbIMMCNAIOT cre-
ZyloLmm obpasom:
M, = m,-10*
L-b
roe b — cpegHsis WwupuHa TodevHor npobbl, cM; m;, —
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mMacca TO4e4YHON Npodbl, I; L — cpeaHss AnvHa TO4e4HON
npobbl, CMm.

HekoTopble aBTOpbl [23—25] npegnaraloT onpegensTb
KaXyLLytoCs yaenbHYy Maccy uMmnnaHTara no gpopmyne

e =PIV,

Mpun aTom popmyna o6bema V CKBO3HBIX U TYMUKOBbIX
rnop UMeeT B1A

V=(m2_m1 )/ch7

roe my; — Macca BO34yLLHO-CyXoro obpasilia pasMepom
2x2x1 cMm; m, — Macca obpasua nocrne HamokaHus B
pacTBopuTene (Hanpumep, Kcunone, yaenbHasi macca
(d,) koToporo pasHa 0,8812 r/cm®) [26].
O6wyto nopuctoctb rybku P (%) paccunTbiBaloT Mo
dopmyne
P=V,/V5:100%,

roe Vi — o6beM Bo3ayLLHO-Ccyxoro obpasua (4 cm3); V, —
obbem nocne HaMOKaHUS B pacTBOpuUTeEne.

BaxHbIM 3TanoM TecTMPOBaHUs SBMSETCS onpegene-
HWe cnocobHocT 0bpasuoB BNuUTbIBATL Brary [27, 28].
OTKpbITYH MOPUCTOCTb Py, (%), T.€. 06bEM Mop, KOH-
TaKTUPYHOLLMX C BHELIHEN CPeaon, paccunThIBaKOT crneay-
toLIMM 06pa3zom:

Popr=(m2_m1)/m1'100%,

roe m; — Mmacca ucxogHoro obpasua  pasmepom
2x2x1 cM; m, — macca obpasua nocne ero HaMoKaHus B
BO[E B Te4yeHue 4 u.

[Onsi onpegeneHnst BnaxHoctT obpasuoB rpynna oTe-
YecTBeHHbIX uccrieqosatenen [29-31] npegnaraet cne-
OYIOLLYI0 METOAMKY: AecCsATb HaBecoK nnowaabto 1x1 cm
maccoi no 5 r BeicywBatoT npu Temnepatype 50-250°C.
Yepes 1 yac 30 mMvH MpoBOAAT NepBOe B3BELUMBAHUE.
3atem 0bpasLbl oxnaxaatoT Ao 36°C 1 cHoBa nomeLlatoT B
CyLumnbHbIN Wkad Ha 30 muH. MNocne elue pa3 oxnaxaatoT
1 BbIMNOJSHSAKOT KOHTPOMbHOE B3BeLLMBaHME. PakTUYeCKyto
BnaxHoCTb W, (%) BblumcnsoT no doopmyne

1—%)100% ,

1
roe Z; — macca [o BbicylumBaHus; Z, — Macca nocre
BTOPOrO BbICYLUMBAHUS. 3a pe3ynbrar NpuHUMatoT cpes-
Hee apndMeTMYECKoe.

[na onpeneneHuss cCOpPOUMOHHOM W MOrNOTUTENbHOM
CNoCOBHOCTN  MMMNAHTATOB  MCMOMb3YIOT  CreayrLme
metodbl [32, 33]. TpaauuMOHHbIN METOL onpeneneHus
COpOUMOHHONM CMOCOBHOCTM OCHOBaH Ha B3BELUVMBAHUM
nepeBsA30YHbIX MaTepuanos A0 W Nocne BblAepKUBaHWS
UX B Xunakoctu. OgHaKo ¢ ero NOMOLLbI0 MOXHO NonyyaTb
MH(OPMALIMIO TONBKO O MEXaHWYECKOM 3amnoriHEHUW CUC-
TeMbI KanunmsipoB v Nop uccrnegyemoro obpasta.

ECTb HeckonbkO BapuaHTOB MPOBEAEHUsS OaHHOro
ncenenoBanusa [34—36]. Hanpumep, Ha OHO Tpex BOpO-
HOK, 3aKpbITbIX CHM3y Npobkamu, NOMELLaT TpU HaBse-
ckn 00pasuoB. BOpPOHKM MOMHOCTBIO 3anvMBakT BOOOW.
Uepes 10 MuH npobkn cHumatot. IMocne Toro Kak Boga
cTeveT (2-3 MuH), obpa3sLbl NepeBopaYMBaoT Ha APYryLo

W, =(
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CTOPOHY Ha 10 MUH, YTOObI yaanuTb U3OLITOK XUAKOCTU.
3ateM 1x B3BELUMBAIOT M OnpenensioT akTuyeckoe Ko-
NM4ecTBO BoAbl Ky, NOMOLLEHHOE KaxasiM 06pasLom:

Kg=n-100/m,

roe n — macca nornoLweHHon obpasuomM Bogel, r; m —
macca obpasua, . CpegHee apudmeTuyeckoe Tpex
06pasLoB 1 ecTb nornoLarLlas cnocobHoOCTb ryoku.

H.B. Alam v coaBT. [37] npegnaratoT BblAepXuBaTb Ha-
BECKM UCMbITyeMblX matepuanos maccon 0,05-0,09 r B
LenbHon KpoBu. [onyyYeHHbIN NPOLEHT NpuBeca CYMTaoT
NOrMOTUTENBHOM CNOCOBHOCTLIO.

B uccnegoaHun [38] nocrnie BbINOMHEHUS YyKa3aH-
HblX BbIlle CTaHOapTHbIX Mpoueayp pekoMeHayeTcs
LueHTpudyrnpoate obpasubl B TeueHue 45 MuH npu
6000 06./MWH, a copbuMOHHY0 CnNOCOGHOCTL onpepne-
NATb No pa3Huue maccel 06pa3uoB Ao copbuum u nocne
LeHTpUdYrMpoBaHus.

MornoTuTenbHy CNOCOBHOCTL MaTepuanoB MOXHO
nuccnegosatb N0 MeTOAMKE OLEHKM KanUNSpHOCTU —
NoOObEMY UINM CHMKEHMIO YPOBHS XMAKOCTM B Kanumnsipax
(y3kux TpyOkax, kaHanax npou3BOSIbHOW (hOPMbl, MOpU-
CTbIX Tenax). B npouecce nccnegoBaHns U3MepsItOT CKO-
POCTb MOAHSATUS pacTBOpa B CTEKMSHHOW TPyOKe, NNOTHO
Habuton onpeaeneHHbIM obpasoM. [ns atoro obpasubl
OMHaKOBOW MaccChl BbITAMVBAKOT B NMEHTbl. VIMM NNOTHO
HabVBaKT CTEKMSAHHYI TPYOKYy OT HYNMEeBOro AeneHus.
3atem 3Ty TpyOKy MOMELLalOT B COCYA C OKpaLUEHHOW
BOAOV Takum obpasoM, UTobbl XUAKOCTb Haxoamnacb Ha
ypoBHE 0603Ha4YEeHHOro AeneHus. BelcoTy NOAHATUS Xua-
KocT h namepstot Yyepes 10 MUH C MOMEHTa COMpuKoC-
HOBEHWS OKpaLLEHHOM XWAKOCTU U HYNEeBOro AereHuns. 3a
h NpUHUMAIOT HauBBICLLYO TOYKY KOHTYpa CMaunBaHus
matepuana. KanunngapHocte K (MM) paccyuTbiBatoT Mo
dopmyne K=h/10.

CnenyeT OTMETUTb BbICOKYH MOrPELUHOCTE METOAUKM
BBUAY TOrO, YTO MHOroe onpeaensercs uccnegoBartenem
BM3yanbHO, 6e3 WCnonb30BaHUS KOHTPOSbHO-U3MEpU-
TenbHbIX Npubopos [39, 40].

O.B. leroHbkoBa u coaBT. [29-31] npeanaraloT oLeHu-
BaTb JKCMMyaTaLMOHHbIE XapakTepUCTUKN NEPEBA30YHbIX
CPEeLCTB MO CreayoLwmm napameTpam:

koadhuumeHTy HabyxaHus (r): Q=(Mg—M.)/M,, rae M,
n M, — macchl BnaxHow 1 cyxoi npob npu 25°C cooteT-
CTBEHHO;

KOHCTAHTE CKOpocTW HabyxaHus (MuH™'): K(t)=InQ,,/
(Q,—Q), rae Q@ — KONMMYECTBO KMOKOCTU, MOFMOLLEHHOE
1 r BewecTsa 3a Bpems t; Q,, — MakcumarnbHoe Konuye-
CTBO MOFTOLLEHHOW XUAKOCTYM (NpeaenbHoe HabyxaHue);

KaXXyLLencss MMoTHOCTU Ans MOpUCTbIX ryBok (r/em3):
pKa)K:m/V'

PaccmaTprBas annapaTHble crnocobbl oueHku du-
3M4YEeCKMX MapameTpoB, OTMETUM, YTO aBTopbl [41-44]
npegnaralT WcCCNefoBaTb YyAenbHyl nnowaab no-
BEPXHOCTW (B TOM 4uCre NepeBsi30YHbIX MaTepuanos)
Ha aHanusatope NOVA 2200 (Quantachrome Corp.,
CLUA), ucnonb3ys B KayecTBe rasa-agcopbeHTta asor.
YaoenbHyo nnowaab NOBEPXHOCTU Haxo4sT no meTody
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BpyHayapa—-3OmmeTa—-Tennepa, KOTOPbIA BKMOYAET ABE
cTaguvM — onpegeneHme eMKoCTW MOHOCIOSi Mo U30-
TepMe agcopbumn u pacyeT yaenbHOW MOBEPXHOCTU C
MCrnonb3oBaHNEM MornekynspHon nnowaaun rasa. [pu
3TOM YYMTBIBAKT CrneaylliMe [OMyLIEeHNUs: MOBepXx-
HocTb apcopbeHTa OOHOPOAHA; B3auUMOAEWNCTBME aj-
copbeHT—agcopbat cunbHee, Yem agcopbat—agcopbar;
B3aMMOLENCTBME aAcopOUPOBaHHBIX MOMEKYN Y4uThl-
BaeTCs TOMbKO B HampaBfeHWu, NeprneHauKynspHOM
MOBEPXHOCTU, M PACCMATPUBAETCS KaK KOHAEHcaLus.
Mnowane NnoBepxHOCTU aacopbeHTa ycTaHaBNMBaT No
06beMy raza OTHOCUTENBHO MOHOMOMEKYISIPHOrO Cros
1 NAOLAAN NONEepeYHOro ceveHms Monekyrsl agcopou-
pPOBaHHOro rasa.

[ns oueHKM cTeneHw apresuu, xapakTepa MuKpope-
nbecha M INEKTPONpPOBOAMMOCTM 0Bpa3sLOB MOXHO WC-
NOMNb30BaTb aTOMHO-CUIIOBYIO CMEKTPOCKOMMI, MPUHLIMM
OEeNCTBNST KOTOPOM OCHOBaH Ha CUSIOBOM B3aUMOLENCT-
BUM MOBEPXHOCTM MeMOpaHbl U CKaHUPYIOLLEero 30HAa.
Cunosylo afreavio M3MepsAT Mo nnoLlaan ConpuKkocHo-
BEHUsI JaTumMKa C MOBEPXHOCTbIO TECTUPYyeMoro obpasua
B pasnuyHbIX ToYkax. B nTore monyyatoT rpacpuk KpmBbIX
«NoABOA—OTBOA» (KOHTaKT—NpepbiBaHWe KoHTakTa). C no-
MOLLbIO TOKOBOW CMEKTPOCKONUM NomyyaroT MHGOpMaLIMIO
O CTEMNeHy 3MeKTPOonpoBOAMMOCTU. XapakTep penbeda
OMpesensiioT Mno CpegHemy OTKIMOHEHMI0 MOBEPXHOCTU
obpasua ot n3onuHum B 100 NpousBONbHO BblGpaHHbIX
TOYKaX.

B vccnegoBaHMM NOMMMEPHbBIX NMEHYATbIX MMMMaH-
TatoB in Vitro ¢ MCMNoNb30BaHMEM YKa3aHHbIX Bbllle
MEeTOAMK YCTaHOBMeHO [45], 4TO caMble BbICOKME MO-
KasaTenu cunbl afres3vu xapakTepHbl Ans ob6pasuoB ¢
BbICOKUMW 3HAYEHUSIMU CTEMEHW LepoxoBaTocTu Mo-
BEPXHOCTU, M HAMpPOTMB — HU3KME NokKasaTenu aaresuu
Habntogatotcsa y obpasuoB ¢ rnagkon (bonee nnockow)
NOBEPXHOCThLIO penbeda.

N3yyeHne CBOWCTB remMoCTaTU4eCKUX MaTepuanos
C NMOMOLLbD MexaHU4YecKux memodoe TNpOBOAST Ans
TOro, 4ToObI OXapakTepu3oBaTb Takoe CBOMCTBO, KakK ana-
CTUYHOCTb [46, 47]. OHO MpeacTaBNsieT UHTEPEC WMEH-
HO C NPaKTUYECKOWN TOUKM 3pEHUs AN XUPYProB, Tak Kak
OT Hero 3aBWCUT yaoOCTBO MNPUMEHEHUS MMMnaHTaTa
MHTpaonepaumvoHHo u/unu B paHe. OueHKy mexaHude-
CKMX CBOWCTB BbIMOMHSIIOT C MOMOLLbI TaKOro YCTPONCT-
Ba, Kak paspblBHas/cAaBnuBakoLLas/pasfaBnveaoLLas
MaliMHa (TOYHOCTb Mpubopa [OMmKHA COOTBETCTBOBATb
TpebosaHuam OCTa 28840 [48]). MpuHumn pencTBus
3TUX MaLUMH OCHOBaH Ha Npeobpa3oBaHNN KMHETUYECKON
3Hepruu, BbipabaTeiBaeMON cepBogBUratenem, B ycunve
Harpysku, NpPUKNagbIBaEMOW K WCnbITyemomy obpasuy
[48-50].

O6pasel, AN MCMbITaHUS AOMKEH GbiTb NPAMOYrofb-
HbIM B NMOMEPEYHOM CEYEHUW, HE MMETH NMOBEPXHOCTHOW
NAeHKNn 1 BUAMMbIX AedekToB. [pu nomowm mapkepa c
napannenbHbIMU NNacTMHaMn Ha 0bpasLbl HAHOCAT ABe
NuHUK, oTMevarLwme pabounin yyactok. BHyTpeHHee pac-
CTOSIHME MeXAy NUHUAMMW OOIMKHO ObiTb 25-50 MM ¢ no-
rpewHocTbio £1% [51, 52].

JI.A. Cesepunos, C.B. Jlasapenxo, K.A. Corruxos, B.B. [Toxoxaii, I1.B. AncumoBa, B.A. Jlunaros



Kpome TOro, pekomeHayeTcsi NPOBOAUTL MOAENMPOBA-
HMe 00pas3LOoB LUTAHLEBbIM HOXOM, KOTOPbIA NPUMEHSIET-
¢ Ans BbIpyOKku geTanemn n pe3aMHOBbIX 3aroTOBOK.

Mocne noprotoBkM o6pasua cornmacHo HOPMAaTUB-
HbIM aKTam 1 YCMOBUAM 3KCNEPUMEHTA €ro 3akpennstoT
B 3aXWUMbl uMcnbiTaTenbHOM MawwuHbl [53]. MNocneaHue
3aTArMBaloT, cTapasice 06ecneynTb CMMMETpUYHOe Mo-
noxeHve obpasua ans paBHOMEPHOrO pacnpeneneHus
BO3HVKAKLLEro HanpspKeHWs No Mrowaan ero noneped-
HOTO CeYeHusi, a TaKke YToObl He MPOMCXOQWIO CKOIMb-
XeHusi obpasilia npu UCMbITAHUM U OH He paspyLuancs B
MecTe 3akpenneHusi. PacctosiHue mexay 3axumamu rc-
NbITaTeNbHOM MaLUWMHbI COOTBETCTBYET MUHUMAnNbHO JO-
MyCTUMOW AJIMHE MEOMLIMHCKUX M3OEnuii, 1 3To YacTo 06-
ycroBnuBaeT BbIOOp pasmepa obpasua Ans UCMbITaHWn
[54-57]. Hepenko akcnepvMeHTaTopy npuxogutcs Moau-
h1umpoBaTh 3aXUM OOMOMHUTENBHBIMI OPUrMHANBHBIMU
KOHCTPYKLMSAMMU.

WcnbiTaHne Ha npenBapuTenbHOE BOABMUBAHWE MpO-
BOOAT cnegyowmM obpasom. Obpasel, pasMeLlarT Ha
OMOPHON NOBEPXHOCTY MaLLUHbI TaK, YTOObI €ro LEHTP Ha-
Xoguncs nog UeHTpom nHaeHTtopa. Obpasubl, uMetoLme
BbIEMKU Ha OOHOW CTOPOHE, AOIMKHbI pacrnonaratbcs Tak,
YTOObI 3Ta CTOPOHA Haxo4unack y OMOPHON MOBEPXHOCTU
[58-60]. K ncnbiTyemoln NoBepXHOCTU NPUKIaabIBaOT Ha-
rPy3Ky, 1 MHOEHTOP NOrpyxatoT B obpasew, CoO CKOPOCTbIO
100220 mm/MuH oo goctwkeHuns gecdopmaumm 70+2,5%
OT NepBOHaYanbHOM TOMNLUMHbI, MOCME YEero Harpy3Kky CHu-
MaloT C TOMN Xe CKOPOCTbi. B cnyyae onpenenexus no-
Kasatens TBepOoCTU NOCME CHATUA Harpy3kM WMHOEHTOP
norpyatot B obpaser, Ha 40+1% OT nepBOHa4anbHOM Bbl-
coTbl MmaTepuana Ha 30 c [61].

OcratouHyto fecopmaLnio CxaTus ONpenensoT OTHO-
LEeHWeM Pa3HOCTW NepBOHaYanbHOW N KOHEYHOW TOMLWMH
ucnbiTyeMoro obbekta. KoHeuyHas TonuiviHa — 3TO 3Ha-
YyeHue, MOMNyyYeHHoe Mocrne cxatus obpasua B TedeHue
3a[laHHOrO BpemeHu (72 4), npu orpefeneHHoM Temne-
patypHom pexume (20+2°C), BnaxHocTn (65£5%) n Bpe-
MEHW BOCCTAHOBMEHUS €r0 K MepPROHAYENbHON TOMLMHE.
Mocne cHATUS Harpy3ku onpeaensoT U3MEHEeHWe TOMLLM-
Hbl 06pa3ua [62—-64].

Mepen vcnbITaHMEM Ha PaCcTSXKUMOCTb Ha LeHTparb-
Hyl YacTb obpa3slia HaHOCAT METKW, OrpaHuyMBaroLLme
OMUHY WCCneayeMolr MOBEPXHOCTW, KOTopasi [OmKHA
ObITb He MeHee 50 MM Ans obpasuoB NPSMOYronbHON
dopmbl cornacHo MTOCT 29104.1-91 [20, 65-67].

YCNOBHYO NPOYHOCTb U OTHOCUTENBHOE YAMHEHWE NPU
paspblBe YCTAHABMUBAKOT METOAOM PACTSKEHWUS C MOCTO-
SIHHOW Harpy3Kkon. [ins aToro n3mepsitoT TONwmHy obbekTa
B MATU PABHOMEPHO pacnpeneneHHbIX Unm B AByX Npous-
BOSbHbIX TOYKAX y4acTka, U3 KOTOPOro rnpearnonaratoT Bbi-
Jensate obpasupl. TonwmHa mccnegyemMbix 06pasLoB He
JOImKHa oTnmyaTbes bonee YyeM Ha 2% [68—70].

[anee paccunTbiBalOT MokasaTenu ynpyroct v nna-
cTmyHocTn. Mogynb ynpyroctv (mogynb KOHra) xapakTe-
p13yeT crnocobHOCTb Matepuana conpoTuBnATLCS aedop-
MupoBaHuio [71, 72]. Ero onpegensiot no chopmyne E=cle,
r4e ¢ — HaMpPshKEHNE; € — OTHOCUTENBbHOE YATMHEHME.

OneHKa 3KCTITyaTalOHHBIX CBOHCTB TeMOCTATHYECKIX MATEPHATIOB il Vitro

OB30PbI

Mon NNacTUYHOCTBI0 MOHUMAKT CMOCOBHOCTL MaTepu-
ana n3MeHsTb OpMy 1 pasMepbl, HE paspyLlasicb Nojg
OEeNCTBMEM BHeLIHUX cun. B kayecTBe Mepbl nnactuy-
HOCTV MPWHUMAKT OTHOCUTENBHOE YANMHEHME (YKOpoye-
HVE) & 1 NoMepeyHoe CyXXeHne (pacLumpeHune) v npu cTa-
TUYECKOM UCMbITAHUM Ha pacTshxeHue (cxatue) [73-75):

=(l—lo)/lp=100%,
\V:(FK_FO)/FO' 1 OOOA),

rae lp v [, — AnuHa obpasua 4o v nocne paspbiea; Fo u
F, — nnowagb nonepevHoro cevyeHns obpasua ao u no-
Ccrne paspyLUeHus.

3aknoyeHne o NNacTUYHOCTW Matepuana genaiwoT B
3aBWCMMOCTU OT COOTBETCTBUS MOSYYEHHbIX pe3ynb-
TaToB CrnedylLlMM KpuTepusiM: nnactuyiHble — 5>5%,
xpynkne — 8<5%. OgHako B upeane aTu KpuTepun B
hur3rKe N MexaHvKke MaTepuanoB NPYMEHUMbI TOSbKO K
TBEpAbIM cybcTaHumaM 1 Tenam (MeTannsl, JpeBecuHa
nnp.) [76-78].

OnpegeneHne XMMUYECKUX CBOMCTB

Xumunyeckmne MeTodbl OLUEHKM CBOMCTB rybuatbix an-
NNUKaLMOHHBIX FeMOCTaTUYECKUX WMMIaHTaTOB MOXHO
pasgenuTb Ha KavYecmeeHHble (ONpefeneHne Hanuyms
3asBfieHHbIX NPOV3BOAUTENEM BELLECTB C YKa3aHHbIM
YPOBHEM QYUCTKMN) U KOJIUYECMEEeHHbIe (UX NPOLEHTHOe
COOTHOLLEHWe 1 np.). MpuHUMNnanbHbIM SBASETCS U3yye-
HUE CnefoB BelLecTB (B TOM YMClle UX TOKCMYECKU 3Ha-
YMMOTIO KONMMYECTBA), UCMONb3YeMbIX B TEXHOOMMYECKOM
rpoLecce, — peareHToB, KOTOPbIE HEe AOMMKHbI MPUCYTCT-
BOBaTb B KOHEYHOM npoaykTe. HeHaanexaiyue ycrnosusi
XpaHeHWs1 UM KayeCcTBO peareHTOB MOryT 3HAYUTENbHO
BMUSATb HA KOHEYHbIE CBOMCTBA MMMNMAHTATOB, @ UMEHHO
Ha 3(eKTUBHOCTb, MOTEHLUMUPOBATb peakuuio TKaHew
MakpoopraHuama v TemM caMbiM CHUXaTb BMonormyeckyto
WHEPTHOCTb MaTepuana. Hanuune «nuwHux» («6an-
NacTHbIX») BELWECTB CNOCOBHO NPMBECTM K pasBUTUIO Ma-
pafoKcanbHbIX annepriuyeckux peakuuin, B TOM 4ucre K
hOpMMPOBAHUIO Y TEMOCTaTUYECKUX U3OeNnin TepaToreH-
HbIX 1 OHKOreHHbIX cBOMCTB [79, 80].

OgHumM 13 Hambornee MpoCTbIX, AOCTYMHbIX WM Nokasa-
TENbHbIX C MPAKTUYECKON TOYKW 3PEHUSsI SIBMSIETCS Me-
TOA onpefeneHns peakuun BOAHOW BbITSHKKM [81-83].
Wccnenyemblin maTepran KUNSTST B AUCTUMNMPOBAHHOM
Bofe B TeyeHue 15 MUH 1 oxnaxgatoT. C NOMOLLbI WH-
AvKaTopa M3y4atoT peakumio obpa3oBaBLLErOCS pacTBopa
[84, 85]. OaHHbIN cnocob no3sonseT cyamTb 0 pH cpeabl
camoro obpasLia U NporHo3MpoBaTh TeYEeHUE U pe3ynbTaT
OMOXMMMYECKMX peaKkuMid, BO3HMKaKOLWMX B Makpoopra-
HM3Me Mpv BBEAEHUM UMMNIIaHTaTa.

OnpepgeneHne opraHoNenTUYeCKUX CBOUCTB

OpraHonenqueCKme MeTOoAbl 3acly>XunBaroT ocoboro
BHMUMaHUS. OHU SIBNSOTCS YHMBEpCanbHbIMM W O0OCTYyM-
HblMK. ®uranveckne n XMMUYECKME CBOMCTBA I’Y6‘13TbIX
annIMKaunoHHbIX reMoCTaTU4eCcknx CpeactB onpenensdtoTt
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annapaTtHO Wnn Xe C MOMOLLbLI pacyeTHbIX METOAOB, B
TO BpEMS Kak oOpraHorentuyeckne (MaHWMynsiLMOHHbIE)
CBOWCTBA YMECTHO OMNpeaensTb C MOMOLLbIO MpurnalleH-
HbIX 3KCMEpPTOB (3KCMEPTHbIN METOA) — MNPAKTUKYHOLLMX
xupyproB [86—88]. OueHKy NpOBOAAT B KOHKYPEHTHOM
CPaBHUTENbHOM acrekTe Mexay 9KcnepuMeHTamnbHbIMU
rpynnamu, npuceausas um Gannbl unu paHru. B kadect-
BE KpUTEPUEB MOryT ObITb MCMOMNb30BaHbl CyOLEKTUBHbIE
napamMeTpbl (UBeT obpasla [0 M Mocne uMnnaHTauuv B
paHy, MroTHOCTb, afre3ns K nepyatkam, MoaenmpyemMocTb
1 np.). Kaxabll U3 ykazaHHbIX KPUTEPUEB MMEET BaXHOE
3HayeHue, TaK Kak Onpenenser Xod OnepaTuBHOTO BMe-
LIaTenbCTBA, YAOOCTBO BbIMOMHEHUS XUPYPrUYECKUX Ma-
HUMYNAUMA, a MHOrAa W UX NPOAOMKUTENbHOCTL [89-91].
OpraHonenTuyecknue MeTOAMKM UCCNeaoBaHNUs UMEKT WH-
TerpanbHbIi XapakTep U NO3BONSAIT 3aMEHUTb ANUTeNb-
HYI0 MHOrOYaKTOPHYH0 OLIEHKY MaTepuarnos C UCMosb30Ba-
Huem foporocTtosiero obopynoBaHust [92-94].

3aknioyeHue

PaspaboTtka v uccrnegoBaHue rybuyatbix anmnukauu-
OHHBIX TEMOCTaTUYECKUX W3LAENUiA NPOBOASATCS MO psay
HanpaeneHui. PopmupyTCA pasnuyHble Mnoaxodbl K
moandmKaumm TakMx CPeAcTB, HaLemNeHHbIe Ha MOTeHLM-
poBaHue 3(pdEKTUBHOCTM UX mcrnonb3oBaHms [95-100].
3710 B CBOW 0o4epedb TpebyeT pa3paboTkm METOO0B CKpU-
HWHIOBOro (MacCcoBOro) M3yyeHust 3EKTUBHOCTM TaKMX
mMaTepranoB, YTO MO3BOMUT HA PaHHMX 3Tanax NpoBecTU
CPaBHUTENbHbIN aHanu3 Mexay pasnuyHbIMK obpasuami.
Mo-HaweMy MHEHUW0, CKPUHWHIOBLIE TECTbl MOTMYT ObiTb
OCyLLEeCTBINEHbI MeToAamu in vitro. OgHako Takas OLeHKa
OyaeT HEMOMHONM BBUAY 3HAYUTESNBHbIX NMOTPELLHOCTEN, MO
CPaBHEHWIO C 3KCMEPUMEHTAMM in Vivo, TaK Kak Makpo-
OopraHu3m NpeacTaBnseT CoOON CrOXHYK OTKPbITYO CU-
CTEMY C MHOXECTBOM MEPEMEHHBIX, YY4ECTb KOTOpPbIE Ha
CErOAHSALUHWIA [eHb He Nop CuIly Aaxe BbICOKOMOLLHbLIM
BbIYMCNUTENBHBIM annaparam.

[MpennoxeHHbIi Hamu anroput™ [12] 1 npuBegeHHble
METOAMKN OLIEHKM 3KCMIyaTaluuoHHbIX CBOWCTB remocTa-
TUYECKMX CPefcTB in Vitro MoMoryT uccrnegoBaTento co-
PUEHTMPOBATBLCSA OTHOCUTENbBHO BbliGOpa 006pa3uoB Ha
nepBbIX 3Tanax pabotbl. Anroputmmsauusi gact obuuee
NMOHUMaHVEe MEXaHM3MOB [EeWCTBUS KPOBOOCTaHaBMBa-
IOLLIMX CPEACTB, YTO MOXET ObIiTb MCMNONb30BAHO B Aalb-
HeWLweMm CPpaBHUTENbHOM M3YYeHUN NX 3PdEKTUBHOCTU U
B KaueCTBE KOHEYHOro pesyrnbrata obnerunt Bblbop nep-
CNEKTUBHbIX TecTupyeMbix 0bpa3uoB 13 obLienn macchbl
pa3paboTaHHbIX reMOCTaTUYECKUX N3OENUIA.

Bknapg aBtopoB: B.A. JlunatoB — KoHuenuus u gu-
3aliH MccrnefoBaHus, YTBEPXKAEHWE OKOHYaTENbHOrO Ba-
puaHTa cTaTbW, OTBETCTBEHHOCTb 3@ LIEMOCTHOCTb BCEX
yacten crtatbu; C.B. JlazapeHko — HanucaHuwe TekcTa,
pedaKkTUpoBaHWe, OTBETCTBEHHOCTb 3a  LIESIOCTHOCTb
Bcex vacten ctaten; K.A. CoTHukoB — cbop 1 obpabort-
Ka maTepvana, HanucaHue TeKcTa, pPefaKkTVPOBaHME,;
O.A. CeBepuHoB — cbop n obpaboTtka maTtepuana, Ha-
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nMcaHue TeKCTa, pedaKkTMpoBaHWe, OTBETCTBEHHOCTb 3a
LIenoCcTHOCTb BCcex YacTtew ctatbu; B.A. [Noxoxan — Ha-
nMcaHue TeKcTa, pedakTMpoBaHWe, OTBETCTBEHHOCTb
3a LenocTHOCTb Bcex YacTen cratby; 1.B. AHcumoBa —
cbop 1 obpaboTtka MaTepurana, HanMcaHve TekcTa.

®duHaHcupoBaHue uccriegoBaHus. Pabota BbINOMHS-
nacb B COOTBETCTBMWM C MI@aHOM Hay4HbIX UCCRedoBaHWUi
®re0Y BO «Kypckuii rocymapCTBEHHbIA MeQULIHCKAN
yHuBepcuteT» Munsgpasa Poccun. ®uHaHcoBown noaaep-
XKM CO CTOPOHbI KOMMaHWUN-Npon3BoaUTENEN fiekapCTBEH-
HbIX NpenapaTtos, (PUPM-NPoON3BOAUTENEN M3OENUA 1 an-
napaTtoB MeAULMHCKOrO Ha3HaYeHNs aBTopbl He NonyYaru.

KoHdbnukT nHTepecoB. ABTOpLI 3a8BNsAOT 00 OTCYT-
CTBUU KOH(IMKTa MHTEPECOB.
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