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A STUDY INTO PHYSICO-CHEMICAL AND STRUCTURAL CHANGES OF 
COLLAGEN TISSUE BY MEANS OF A DIFFERENTIAL THERMAL

ANALYSIS

B nocjiejHee Bpeim, Hapnay c xaiíaqecKHMH MeTOflaua aHajiH3at 
mapoKO npMMeHHíOTCH a $H3aqecKae. Ohh oOecneqaBaioT noJiyqeHae 
3 KcnepHM6HTani>HHx aaHHfctx c Óojibihoíí tohhoctbk), ynpomanT aHa- 
jih3 nojiyueHHbíx pe3yjiBTaT0B h aiccnpeccHOCTB b npoBeaeHHH a ccjie -  
aoBaHHii. Ojuihm H3 T8KHX MeTOflOB HBJiHeTCH MeToa aai êpeHHMajiB- 
Horo TepMHqecKoro aHaJia3a (iieTOfl JETA), cymHOCTB KOToporo 3 a -  
KJiioqaeTCH b HenpepuBHOíí OflHOBpeueHHOft aBTOMaTaqecKQü san aca  
TeMnepaTypH o(5pa3na a pa3H0CTH TeunepaTyp o(5pa3ua a HHepTHO- 
ro  Tejía, HarpeBaeMtix c 3aaaHH0ü paBHowepHoü ckopoctrh) .

í>a30BHe npeBpameHHH peracTpapyroTCH Ha flH$$epeHiiHaiiBHOíí 
KpwBoa b BHfle nHKOB, njiomaaB KOToptix nponopiíaoHajiBHa KOJIH- 
qecTBy norjiomeHHoro ama BUflejiaBinerocfl Tenjia. TeMnepaTypH 
Haqajia nana a ero BepmaHM, npa(5jiM3HTejiBHO coBnajáronme c Ha- 
qaJIOM M KDHQDM $a30B0r0 npeBpameHHH yCTaHaBJIHBaiOTCH no KpH- 
boü HarpeBaHHH o(5pa3ua (npocToíi 3anHCH).

IIOCKOJIBKy OTKJIOHeHMe flH$$epeHRHaJIBHOa KpHBOÜ OT Óa30B0a 
jihhhh npoHoxoztHT tohbko b uoueHT $a30B oro npeBpameHHH, flH$$e- 
peHRHajiBHaH 3anacB no3BOJiHeT odHapyKHTB oqeHB Majiue TenjiOBHe 
3 $$eKTN, coBepnieHHO He3ameTHbíe Ha kphboü HarpeBaHHH,

B HacTonmee Bpeián MeTOflOM «ZETA <5hjih accJiemoBaHH CTpyKTyp— 
Hue H3MeH6HHH KomiareHOBOií TK8HH h onpeaejieHH aernapaTanHA, 
coKpameHHe o<5e3BoxeHHoro KOJiJiareHa, a Tarase nepexoa ero b  

BH3K0-TeKyqee cocTOHHHe.
HccjieaoBajiH odpa3uu HaTHBHoro KOJiJiareHa flepiiu KpynHoro 

poraToro cKOTa c coaepxaHaeií BJiara okojio 20% npa noHaxeHHOM 
saBjieHHH 155 a 73 mi p t . c t .  ( ajih Jiyqmero pa3,nejieHHH nHKOB 
aeraspaTaiíHH h TepaanecKoft flecTpyKnaa). SKcnepaMeHTaiiBHHe 
AaHHue npHBeaeHH Ha p a c . I .

Ü3 TepaorpaMM (p a c . I )  bh;hho, qTO no uepe noBHiueHHH T e a -  
nepaTypH b KOJiJiareHe aiieiOT MecTO cjieayromae Te njiOBtie a d r a r a :  
aerH/üpaTaiíHH (naic -  7 0 -9 2 ° C ) , cBepxcoKpameHae oÓe3BoaeHHoro 
KOJiJiareHa (naK -  2 I 2 -2 2 7 ° C ) , nepexoa seHaTypapoBaHHoro KOJiJia
reHa b BH3K0-TeKyqee cooTOHHae (nana -  2 W - 2 5 0 ° C  a 2 5 8 -2 6 5 ° C ) ,  
aecTpyKuaH KOJiJiareHa (npa 2 7 6 °C ).
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Phc. I ,  Tepiiorpamm HamBHoro KOJiJiareHa
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lipa noHHseHHM aaBJieHaa ao 73 mm p t . c t . iihk aeraapaTa- 
ijaa CMecTHJiCH k 50-79°C, Toraa KaK nana ncBepxcoKpameHaan 
a "aecTpyKaan" ocTaaacB npê HHMH.

IIocKOJiBKy TeMnepaTypa cBapaBaHaa, CBepxcoKpameHaa, Teny- 
qecTH a aecTpyKiíHH HenocpeacTBeHHo cbh33Hh c tohkoM cTpyK— 
Typoa KOJiJiareHa a onpeaeaaioTca KOJianecTBOM a npoHHOcTLK) 
(sHepraeií) MesMOJieKyjiapHHx a BHyTpaMOJieKyjiapHKX cBH3eíí, to 
m o x h o ,  oneBaaHO, no H3M6H6Hhx) 3THX TewnepaTyp cocTaBMTB on- 
peaeJieHHoe cyacaeHae 06 a3MeHeHaa cBH3eft b MOJieKyjie.

yKa3aHHHË Tan CBH36M npoacxoaaT b KOJiJiareHe noa B0 3 aeö- 
CTBHeM, B qaCTHOCTH, XHMHHeCKHX BemeOTB.

Mh nuTaancB ycTaHOBHTB xaparaep M3MeHeHH0 noKa3aTejieü 
TenHOBbDC 3$$eK T 0B  B 3aBHGMM0CTM OT npeaBapMTeJIBHOM OÖpaÖOT- 
KH KOJiJiareHa.

fljia 3T0Ü aejia nacTB oöpa3ijoB KOJiJiareHOBoM TKaHa noasep- 
rajia coBMecTHOMy B03aeftCTBaio 5%—HbiM pacTBopoM eaKoro HaTpna 
a 14%-hhm -  cyjiB$aTa HaTpaa b  TeneHae 12, 20 a 48 nac. (Il, I  
a I y onHTHhie napTaa, cooTBeTCTBeHHo), a apyryio nacTB Bbiaep- 
KaBajia b pacTBope, coaepacaineii 5% mejiona a 14% cyjiB$aTa naT- 
paa, b  TeneHae 20 nac., nocjie nero HeííTpajiaaoBajia 0,5%-hüm. 
pacTBopoM cojiHHoa (y napTaa) ajia cepHoM icacaoTH (yi  napTaa). 
KoHTpojiew ĉjiyjsaaa oÖpa3i(H a3 HaTHBHoM KOJuiareHOBOü TKaHa 
( I  napTaa).

SKcnepaMeHTajiBHHe aaHHbie aJin odpa3ijOB I , | y  h y i napTaa

Pac. 2. ïepworpaMMH oöpa3aoB KOJiJiareHa i  a lii napTaa
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Phc. 3 . TepMorpamm odpa3ijOB KOjiJiareHa y m y i napTHñ

KaK BHflHO M3 TepUOrpaMM (GM.PHC. 2 H 3), CHHTbIX npn no- 
BHIQ6HH0M saBjieHHH (1,5 aTM), Korsa yaaJieHHe BJiarH H3 Kojuia- 
reHa 3aTpyflHeH0, cHanajia HacTynaeT aeHaTypaijMH (nepBHü iihk 
OTBeqaeT cBapHBaHHio KOjiJiareHa) .  IIocjiesyiomHe iimkm othochtch 
k  <iacTH<moii ÄerHspaTaiiHH c osHOBpeMeHHO npoTeKawiueM rnspo- 
TepuHqecKOä aecTpyKiiMeft. IIhkh npH 251 h 250°C cooTBeTCTByioT 
nojiHoä ÄecTpyKijHH KOjiJiareHa.

rMÄpoTepMHHecKaH necTpyKitHH seHaTypnpoBaHHoro KOjiJiareHa 
npoHBJiHeTCfl Ha TepMorpaMMax b BĤ e pe3KHx, HeperyjiHpHHx iih-  
KOB. OcodeHHO HHT6HCHBH0 OHa npoTeKaeT flJiH 6-ä nqpTHM KOji
JiareHa b oÖJiacTH TeimepaTyp I52-I86°C (cM.pHc. 3).

M3 3TMX TepMOrpaMM HCHO BHflHO, HTO TenjIOBHe 3(J$eKTH 
KOJinareHa 33Bhcht ot npeÄBapHTejiBHoä oöpaÖOTKH e r o .  Moäho 
ycTaHOBHTB cJieayionme 3aK0H0MepH0CTH TepMH<iecKoro noBeseHMH 
KOjiJiareHa, OTpaKaiomne 3Ty 3aBHCHM0CTi>:
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1) TeMnepaTypa cBapoamíH KOjiJiareHa iioimaaeTCH c yBe-
MHT6HCHBH0CTH lHeJIOMHOÍÍ H k h c j io t h o M OÖpaÖOTKM;

2 )  ru sp o Tep M H ^ ecK a fl cT a Ö M B H o cT B  aeH aTyp w p oBaH H oro  k o j i-  

j ia re H a  c  yBGJumsHHGM m h t g h c h b h o c t h  odpaÓoTKH n a a a e T ;

3) aonojiH M TejiBH an (n o c j ie  m ejio^Hoñ) k h c j io t h 3 h oöpaÖOTKa

BH3HBa6T Óo jig g  cHJiBHoe i io h h ä g h h g  T eM iiep aTyp ti CBapuBaHKH m 

rH apoTepM H ^ ecKog cTaÖ H JiBH o cTH , hgm  oflHa m ejio^Han; npn 3 T om 

oepH aa KHCJiOTa BH 3UBaeT Öo jib iiig g  iio h h k g h h g  TG M nepaTyp c B a -  

pHBaHHH H rHflpOTepMHqeCKOil CTaÖHJIBHOCTH, COJIHHaH.

TeM n ep aTyp u  CBepxcoKpam eHHH h t g p m m h g c k o M secTpyKQ H H  

Bcex mecTH n a p iH ii K O jiJia reH a  npHBeseHH Ha lepM orpaM M ax p u e . 4  

h 5.
TepMorpaMMH cHMMajiH npn saBJiGHHH 16 m m  p t . c t .

Ph c . 4. TepMorpaMMH I, II h 111 napTHii KOjiJiareHa
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A

P h c .  5 .  TepiiorpaM M H i y ,  y  h y i  napTHií KO JiJia reH a

I I m k f le r íis p a T a iíH H  p h  B o e x  napTHlá KO JiJia reH a jieacnT npn  

29-58°C m Ha TepuorpaM M ax He n p o e a e H .  TepMorpaMMH ch h m 3 Jih  

npa noBHnieHHOít qyBC TBH Te j ib h o c t m  AM $$epeHijHajiBHOíí 3anH C H .

Ha pnc • 4  nepB H x T p e x  napTH ü KO JiJiareH a HejiB3H o d H a - 

pyacHTB KaKoM~aHÓo 3aBHCHM0CTH TeM nep aTyp  CBepxcoKpam eH H H , 

T e K y u e c T H  h aecTpyKU H H  o t  BH sa odpadoTKH  u a T e p w a jia . B  3 T om 

OTHOineHHH 3TW T e im e p a T y p H , npH saHHHX ycjiO BH H X T ep M o rp a$H p o - 

B3HHH (CKO PO CTL H a rp e B a  H T . f l . ) ,  MeHee HyBCTBHTeJIBHH K H3- 
UeHeHHHM C T p y K T y p a , BH3BaHHHM MHrKMM B03fleÜCTBH eU  Ha T K a H B , 

Meu TeM n ep aTyp u  cBapHBaHHH h rem poTepM HqecKO ií a e cT p y K itH H . 

O^tfiaKO SOnOJIHHTeJIBHOe KHCJIOTHOe B03A eñC TBH e BH3bIBaeT 3aM eT- 

Hoe H3MeHeHHe TeM n ep aTyp  CBepxcoKpam eH H H , T e K y q e c T H  u f te -  

cT p y kU H H . T a K  Ha TepM orpaw M ax p a c .  5 b m jh o  3H aqH TejiBH oe n o -  

HHseHwe TeM n ep aTyp  CBepxcoKpam eH H H , T e K y q e c T H  h secTp yK U H H  

a n a  5-M m 6 - ft  napTH ñ K O JiJ ia re H a . lip a  b t o m , MHTepecHO OTMe- 

t h t b  yMeHBmeHHe oÓmeM o o m a flH  nwKOB CBepxcoKpam eHHH h  T e K y 

q ecTH  h ,  b  ocodeHHOCTH, (5bicTpoe oTHOCMTejiBHoe yMeHBmeHHe

njiom asH  nHKa TeKyqecTH a jih  n a p T H ií,  n o flB e p ru iH xc fl k h c jio t h o ü
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oöpaöoTKe.
Ha ocHOBaHHH nojiyqeHHHx 3KcnepwMeHTaJiBHbix saHHbDc mojsho 

CTiejiaTB BHBoa O TOM, qTO npHMeHeHHe MeToaa MA saeT  b o 3 mojk-  
hoctb Hccjie^OBaTB TepMimecKne a$$eKTH, npoTeKaiomne b koji-  

nareHe b n p oijecce  e r o  HarpeBaHMfl h onpe^euHTB c bhcokoH 

CTeneHBK) tomhocth TeMnepaTypti CBapHBaHHH, c  Be p xc o Kp a me h hh , 
nepexofla b BH3K0-TeKyqee cocTOHHue, nojmoM secTpyK ijM  koji-  

jiarena n mx 3aBncnM0CTB ot iiHTencMBHoM oöpaöoTKu KOJijiareHa.
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FIG.l. Thermograms of the native collagen
MM pi.CT. - mm Hg

BP8MH Harp8BaHHH,MMH. - heating time, min.
FIG,2. Thermograms of collagen samples of batches I and III 

napTHH - batch
BP8MH Harp8BaHHfl,MHH. - heating time, min.

FIG.3. Thermograms of collagen samples of batches V and VI 
napTHfl - batch
Bp8MH HarpeBaHHHjMMH* - heating time, min,

FIG.4. Thermograms of collagen batches I, II and III 
napTHH - batch
BP8MH HarpeBaHHfl,MHH. - heating time, min.

FIG.5. Thermograms of collagen batches IV, V and VI 
napTHH - batch
BpeMfl Harp8B8HHH,MHH. — heating time, min.


