TexHosozis i 6e3nexka NpodyKkmie xap4yeaHHA

peadizaii, He 1acTb 3MOTH OLIHUTH PiBE€Hb €KOJIOTiY-
HOI Oe3nexu xapuoBHX NponykriB. Lle, B cBoto uepry,
BKa3zye Ha HEOOXIIHICTh NETANBLHOTO aHaji3y CKJanao-
BHX, IX B32€MO3B’SI3KIB 1 3aJI)KHOCTEH 3 METOIO BUSIB-
JIeHHS! 00’ €IHyBaJIBHOTO KOMILIEKCHOT'O KpHUTEpilo, 3a
JIOTIOMOT'O10 SIKOTO Oy/ie MOXKIIMBO YIPABIISTH €KOJIOTI-
YHOIO 0€3IEeK0I0 XapUOBHX MPOAYKTIB.

BucHoBKH

VY naniif crarti Oyno NpoaHaNi30BaHO CKJIa/IO0Bi
TEepPMiHY «EKOJIOTidHa Oe3leka XapuoBHX MPOAYKTIBY,
BCTAaHOBJICHO iX MpsMe BiTHOIICHHS IO METOHOJOTii
OILIHKH JKUTTEBOTO IMKIYy Ta c(popMyITHOBAaHO BH3HA-

YCHHS TEPMIHY «CKOJIOTiUHA Oe3leKka XapuoBHX IpO-
JYKTiBY», SIKE TO3BOJISE OUTBIN JETAIBHO Ta IPYHTOBHO
pO3rIIsiIaTH XapyoBY MNPOIYKIIIO Ha YCIX craaisx ii
BUPOOHMIITBA, CIIOKUBAHHS Ta YTUIIi3AIlil YChOTO CIIe-
KTPY BiJIXOJiB, 3 ypaxyBaHHSIM BIUIMBY HA HABKOJIHIII-
HE CEPEeIOBUIIIE, BKIFOUAIOYH JTFOIUHY.

HaBeznene TpakTyBaHHS €KOJIOTIYHOI OE3MEKH Xa-
PHUOBHX MPOAYKTIB BUMArae IOCIHIi/KSHHS CKIIaOBUX
IIBOTO TIOHSATTS 3 METOI0 iMeHTH(IKAIlil yCiX acIeKTiB
XapuOBHX MPOJYKTIB, L0 MAlOTh 10 HHOT'O BiIHOIICH-
Hsl, OI[IHKY iX 3HAYMMOCTI Ta MOMIIMBOCTI KOMILJIEKC-
HOI OI[IHKM €KOJIOTIUHOI Oe3MeKn Xap4OoBHX MPOIYKTIB
Ha X MOBHOMY JKUTTEBOMY IHKJIi.
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Amnotanisi. OHIM 13 CerMEeHTIB pHHKY 3aMOPOKEHHX IPOYKTIB, IO PO3BUBAETHCS BUNEPEDKYBATEHUMH TEMITAMH, € HarliB(a-

OpuKaTH M’sICHI TTOCiueHi 3aMoposkeHi. He3Baxkaroun Ha 3HAUHMI HAyKOBHI Ta MPAKTHYHAH TOTEHIIiaN 3 BUPOOHHIITBA HamiB(abprKa-
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TiB M’SICHUX 3aMOPOXKCHHX, ITUTAHHS 3a0€¢3MEUYCHHSI X SIKOCTI HE MOYKHA BBaYKATH MOBHICTIO BUPIIICHKM. Y poOOTI MOBa ijie PO J10C-
JIDKEHHS, SIKI TO3BOJISIIOTH Y TEXHOJIOTISIX BUPOOHUIITBA HaniB(haOpUKaTiB M’SICHUX IIOCIYEHHX 3aMOPO)KEHNX BHKOPHCTOBYBATHU CY-
Millli KPIOIPOTEKTPHOT [1if Ha OCHOBI Xap4YOBHX iHIPEIIE€HTIB, 1110 3AaTHI HiBETIOBAaTH HETaTHBHUIN BILUTHB HU3BKHX TEMIIEPATyp IPOLECy
3aMOpOKyBaHHs. J[0 0OroBOpEHHSs TPEICTaBIICHI Pe3y/bTaTH JOCTIHKCHHS (YHKIIOHATLHO-TEXHOIOTIYHNX BJIACTHBOCTEH M’SICHUX
MOJICIBHUX CHUCTEM 3 BUKOPHUCTaHHSM CyMIiIllel KpiompoTeKTOpHOI Ail MiJ Yac 3aMOpOKYBaHHS-PO3MOPOKYBaHHs. BHBUEHO BIUMB
CyMillleif Ha BOJIOrO3B’sI3ylOdy 3IaTHICTb, BTPATH MiJ| Yac 3aMOPOXKYBaHHs Ta TEPMIYHOI OOpOOKH, OPraHONENTHYHI MOKA3HHKH
M’SICHUX TOCIiUeHHX cucTeM. Ha OCHOBI oepykaHMX pe3yJIbTaTiB BU3HAYCHO palliOHABHUM BMICT CyMillleH KPiOIPOTEKTOPHOI Jii.
ITpoBeneHi NOCIIHKEHHST CBiTYaTh MPO MEPCIEKTUBHICTh BUKOPUCTAHHS JAHUX CyMillel y BUPOOHUIITBI HariBhaOpHKaTiB M’SICHUX
MOCIYEHNX 3aMOPOXEHHX, IO JMO3BOJMUTH OfEPXKATH INHMPOKWH AaCOPTUMEHT JaHUX BHUPOOIB 3 BHCOKMMH (DYHKIIOHAJIHHO-
TEXHOJIOTTYHUMH Ta OPraHOJSNTHYHMMHU BJIACTUBOCTSMHM, SIKI MAlOTh CTalli IIOKa3HUKH SIKOCTI B IMKJII 3aMOPOXKYBAaHHS-
PO3MOPOXKyBaHHS.

KumiouoBi cioBa: 3aMOpoxyBaHHS, PO3MOPOXKYBaHHS, (hyHKIIOHAIHHO-TEXHOJIOTIYHI BIIACTHBOCTI, M SICHI ITOCIYEHI CHCTEMH,
CyMilli KpiOTIPOTEKTOPHOT JIii.

Annotamus. OJHIM U3 CErMEHTOB PHIHKA 3aMOPOXEHHBIX IPOYKTOB, PA3BUBAOIIHICS ONEPEKAIOIIIMI TEMITAMH, SIBIISIETCS
oIty (padpuKaThl MICHBIE PyOJIeHbIe 3aMOpOKeHHBIE. HecMOTpst Ha 3HaUNTEIbHBIN HAyYHBIH U MPAKTHIECKUIA TTOTSHIIHAI TPOU3BOIC-
TBa MOIY(HaOPUKATOB MACHBIX 3AMOPO’KEHHBIX BOMPOC 00ECTICYEHHMS HX KAaueCTBA HEJb3s CUUTATh MOJHOCTHIO PelIeHHBIM. B pabote
pedb uaeT 00 MCCIIeIOBaHMAX, KOTOPBIE TIO3BOJIIIOT B TEXHOJIOTHSX IPOU3BOACTBA MOy (paOpHKaTOB MSCHBIX PYOJICHBIX 3aMOPOKEH-
HBIX HCTIONIB30BATh CMECH KPHOIPOTEKTOPHOTO ACHCTBHS HA OCHOBE ITHIIEBBIX MHTPEINEHTOB, CIIOCOOHBIC HUBEIMPOBATh HETaTHBHOE
BIIISTHIE HU3KUX TEMIIEpaTyp mporecca 3aMopaxuBanrst. K 00CyskIEHHIO PeACTaBIEeHbI Pe3y IbTaThl HCCIEI0BAHNS (PyHKIIMOHATHHO-
TEXHOJIOTUYECKUX CBOICTB MSCHBIX MOJIEBHBIX CHCTEM C HCIOIB30BAaHIEM CMECcel KPHUOMPOTEKTOPHOTO AEHCTBHUSI TIPU 3aMOpPaKIBa-
HHH-Pa3MOpaKUBaHUH. V3ydeHo BIMsIHHE cMecell Ha BIAaroCBS3BIBAIOIIYIO CIOCOOHOCTb, TIOTEPH MPH 3aMOPKHBAHUH U TEPMITIEC-
Kot 06pabOTKH, OPraHONEITHIECKHE TTOKA3aTeNN MACHBIX pyOieHsIX cucTeM. Ha ocHOBe MONMy4eHHBIX Pe3yNIbTaToOB OMpPEEIEHO pa-
IIMOHAJIBHOE COZIEP’KaHHE CMECE KPHOIPOTEKTOPHOTo AekicTusl. [IpoBeieHHbIE HCCIIEI0BaHMUs CBUIETENBCTBYIOT O MEPCIEKTUBHOC-
TH UCIIOJIb30BaHUS JAHHBIX CMECel TP MPOU3BOACTBE N0y (HaOPHKATOB MICHBIX PYOJICHBIX 3aMOPOXKEHHBIX, YTO TTO3BOJIMT PACIIN-
PUTH aCCOPTUMEHT JAaHHBIX M3JENUI C BHICOKMMHU (DyHKLIHOHAIBHO-TEXHOIOIMUECKAMH M OPraHONIENTHIYECKUMU CBOMCTBaMU, KOTO-
pble HMEIOT CTAaOMIIbHBIE ITOKA3aTeNIM KauecTBa Ha Tare 3aMOpaKUBaHHUA-Pa3MOPaKUBAHUS.

KitroueBble cj10Ba: 3aMOpaKHBaHNE, Pa3MOPaKUBaHHE, (DyHKIIMOHAIBHO-TEXHOJIOTMYECKUE CBONCTBA, MSCHBIE PyOJICHbIC CHC-
TEMBI, CMECH KPHOIPOTEKTOPHOTO IEHCTBHS.

Beryn CTYTIHb 30€PEKCHHSI CTIOKUBHUX BIIACTHBOCTEH Xap40OBOL

npoaykiii. OfHAK BUKOPHCTaHHS HHU3bKHX TEMIEparyp
OXOJIOXKYIOUOTO CEPEIOBUIIA IIPU3BOAUTH O XOIOJ0BO-
IO CKOPOYEHHS Ta KPIOTOIIKO/PKEHHS M’S30BOTO BOJIOK-
Ha, 10 3HAYHO TIOTIpIIy€E SKICTh M SICHOI CHPOBHHH Ta
BUpOOiB Ha 1i ocHOBi. ToMmy oOpaHWMiT HanpsIMOK HOCIi-
JDKEHHS € aKTyaJIbHHM.

3pocCTaHHs MONHUTY Ha BHCOKOSIKICHI 3aMOPOXKEH1
M’SICHI BUPOOHM POOWTH NMEPCIEKTHBHUM ITHTAaHHS BH-
KOPHUCTaHHA y iX CKIJIAJi Xap4yOBHX IHTPEIIEHTIB, IO
XapaKTepU3YIOThCS 3MATHICTIO 30€peKeHHs SKiCHUX
MOKa3HUKIB BUPOOIB Ha eTami 3aMOpPOXKyBaHHS-
30epiraHHs-po3MOpOXKYBaHHs. B M’sicHIiil mpomwmcio-

BOCTI CHOTOJHI IIMPOKE BUKOPUCTAHHS 3HAXOIATh Xa- Orasp Jditepatypu

pUOBI moJicaxapuayu. BUBUEHHSM MOXIJIMBOCTI X 3a-
CTOCYBaHHS B SIKOCTI KPIOIPOTEKTOPIB JUIsi BUPOOHUII-
TBa 3aMOPOXXEHHX M SICHUX BHPOOIB 3aliMaeTbcs Oara-
TO MPOBIJHUX BUECHHX, OJHAK I MUTAHHS 3AJIUIIAETh-
cs HE BUPINIEHHMM Ta MOTpedye IOAAIBIINX OCHTi-
JoKeHb. JlocmipKeHHS BIUIMBY CyMIIlled KPiompOTEKTO-
pHOI 1ii Ha (PYHKIIIOHANEHO-TEXHOJIOTI9HI BIACTHBOCTI

Brutus nporeciB 3aMOpOKyBaHHS-
PO3MOpPOKYBaHHS Ha AKICTb M’ SICHOI CHPOBHHH TIPOBI-
ITHI BYCHI Ta JOCIHITHHUKH IOSCHIOIOTH 3 TIO3UIIiH Teopii
KpHcTainizaiii BoaHOT (asu, Mo NpU3BOAUTH O 3MIHA
Tero(I3NYHUX, CTPYKTYPHO-MEXaHIYHUX, (QYHKIIO-
HAIIbHO-TEXHOJIOTIYHUX Ta 1HIIMX XapaKTEePHUCTHK CHUC-

M’SICHHX MOJETBHUX CHCTEM J[O3BOJUTH OLIHWTH Ta
OOIpYHTYBaTH JOUUIBHICT ¥ paliOHANbHUNA BMICT 1X
LJIECTIPSIMOBAHOTO BHKOPHCTAHHS Y TEXHOJOTISX BHU-
pPOOHHUIITBA 3aMOPOYKEHUX M’SICHHX IMOCIYEHHX HAIIB-
(abpukaris.

IMocTtanoBka npodJeMu Ta ii 3B'930K 3 HallBa:K/IU-
BilllMMHY HAYKAMHU Ta NPAKTUYHUMU 3aBAAHHIMU

OCHOBHI TeHJEHIT PO3BUTKY XOJOIMIBHOI TEXHO-
JIOTIT TIOB’513aHO 3 HEOOXIHICTIO iHTeHCHDIKAIIT TpoIiecy
3aMOPOXKYBaHHSI M’SICHOI CHpPOBHHH, SIKWH 3a0e3redye
TpUBaJie HU3bKOTEMIIEpAaTypHE 30epiraHHs 3a paxyHOK
3arro0iraHHs PO3BUTKY MIKpOOIOJIOTIYHMX TPOLECIB 1 ic-
TOTHOTO YHOBUIBHEHHS IIBUAKOCTI O10XIMIUHUX 1 (hi3uKO-
ximMigamX peakmiit. Lleit crocid KoHCepBYBaHHS € OTHAM 3
HAWOLTHII TOMMPEHNX Ta 32 ONTUMAIBHUX YMOB 3IIiHC-
HEHHA IIpolleCy 3aMOpOXKyBaHHS 3a0e3ledye BHCOKHMIA
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temu. [lpomec BHUMOpOXyBaHHS BOJHOI (ha3u SBIsIE
c000F0 TIPOIIeC MIEPETBOPCHHS PiTUHA B KPUCTAIYHUAN
CTaH, a HOro CyTHICTh BHUPAXAETHCS B IEPEXOIi BiJX
CTPYKTYPH PIAMHU 10 CTPYKTYpH TBEPAOI KpHCTAiy-
HOi peuoBHHU. OcCOOIMBOCTI B3a€EMOpPO3TAIIYBaHHS
MOJIEKYJI BOJH Y CTPYKTYPI JIbOY 3yMOBJICHO HAsBHIC-
TIO BOJHEBHX 3B s3KiB. KiTbKiCTh Ta BeNMWYMHA KpHC-
TaJiB JBOMY, SIKi YTBOPIOIOTHCS TPH 3aMOPOXKYBaHHI,
Ta PIBHOMIPHICTh PO3MOLUTY JbOAY MIX KIITHHAMH U
MDKKIIITHHHOIO PEYOBHHOIO IO TOBIII M’SICHOI CHUpO-
BUHHM OyIyTh BIUIMBAaTH Ha SIKICTh M’SICHUX BHpPOOIB
TTCIISt PO3MOPOIKYBaHHSI.

HeratuBHi HaciliiKM TIpoLieCy 3aMOPOXKYBaHHS
M’SICHOT CHpOBHHH OOYMOBJIEHO 3MiHamu ii Mopcgooriy-
HOI CTPYKTYpH, MEPEpO3IOIiiIOM BOJIOTH MDK CTPYKTYp-
HUMH €JIeMEHTaMH, 3MiHAMH CTaHy KOJIOiTHUX CHCTEM Ta
OUIKIB, 1110 HEMUHYY€E BIIMBAE Ha SKICTh TOTOBHX BUPOOIB
micis TerioBoi 00poOku. Lle BupaxkaeThesl y MOTIpIIeHHI
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OpraHoJIENTHYHUX TOKA3HUKIB, OCOOJIMBO KOHCHCTEHIIIL,
COKOBHUTOCTI, 301IbIICHHI BTPAT MacH Ta Xap4OBUX Peyo-
BUH IIJ Yac pPO3MOPOXKEHHS. TakuM 4uHOM, (i3uKO-
XiMi9HI 3MiHH, SKi BiZOyBarOThCSl IIPH 3aMOpPOXKyBaHHI
M’SICHOI CUPOBHHH, HETAaTHBHO BIUTMBAIOTH Ha CIOXKUBHI
BJIACTHUBOCTI M SICHUX BHPOOIB.

Cepen BenMUKOI KITBKOCTI TEXHOJOTIYHUX YHHHH-
KiB, sSKi BH3HAYAIOTh SKICTh 3aMOPOKEHHX M'SCHUX
BHPOOIB, BHUpIIIaIbHA POJHh HAJICKUTH YMOBAM 3aMO-
pPOXKyBaHHS (TemIleparypa, IIBHIKICTE PYyXy OXOJO-
JUKYBaJIBHOTO CEpEelIOBHUINA) 1 BIACTUBOCTAM 00'€KTa
3aMopoxyBaHHA [1-2].

VY TexXHOJIOTISIX BUPOOHMIITBA 3aMOPOKEHUX M'sl-
CHHMX IOCIYeHUX HariBpaOpuKaTiB 3 METOI 3amobi-
raHHs HeOa)KaHUX 3MiH Ta 30€peKeHHsI SKOCTI M'SICHUX
BHPOOIB ITPH XOJOAMIBHIH 00pOOIi MOYKIIMBO BUKOPH-
CTaHHsS XapyOBUX IHI'PEI€HTIB KpIOMPOTEKTPHOI mii,
SIKi BIUTUBAIOTh Ha CTPYKTYpHHUI cTaH Boau. Sk xapyo-
Bi IHTpEIiEHTH KPIOTPOTEKTOPHOI [ii, IO MPOSBIIOTH
30aTHICTh 1O PEryJIOBaHHA IPOLECY KPUCTAJIOYTBO-
pEHHs BOIHOI (pa3u y M’SICHUX cUCTeMax, MOXYTb Oy-
TH BUKOPHUCTaHi XapyoBi Mojicaxapuau. IX Monexysu
SBJISIFOTH COOOI0 JTiHIMHI a00 po3raiykeHl MoJiMepHi
JIQHITFOTH, 3TOPHYTI B KIyOku. HasBHICTh BEJIHMKOI Ki-
JIBKOCTI TIJPOKCWIIBHHX TPyH MOMITHO 30UIbIIyE iX
3JIATHICTD 3B'SI3yBaTH MOJIEKYJIM BOJIM Ta YTBOPIOBATH
B's3Ki Iucnepcii Ta/abo relni Ipu TUCTIEPTyBaHHIL y Ce-
penoBHI, IO MICTHTH BiIbHY Bosory. Lls BiacTuBicTh
JIOTIOMAarae peryJroBaTH B’S3KICTh CEPEeOBHIIA, TEKC-
TYpy, 3HHU3HTH IIOBEpXHEBHH Hatsr, cdopmyBaTH
CTPYKTYpOBaHi IIapy Ha TMOBEPXHI po3ainy a3, IIo
3abe3medye cTabimizamiro HEoOXiTHOI SKOCTI OfepKa-
HUX CHCTEM B yMOBax 3MiHH TemIiepaTypH [3-4].

VY pobGotax [5-7] 3a3Ha4eHo, 110 MOJCAXapUIHX € Jiie-
BHM TEXHOJIOTTYHUM IHCTPYMEHTOM PETyJIIOBaHHS (DYHKIIi-
OHAJTLHO-TEXHOJIOTTYHUX Ta CTPYKTYPHO-MEXaHIUHMX Xapa-
KTEPUCTHK M’SICHUX CHCTeM M TOTOBOI mpoxykuii. CTpyk-
TYpPYIOUH M’SICHY CHCTEMY, JSsIKi TOJTiCaxapH/IH 3a PaXyHOK
CHHEPTITHYHOI JIii Ta MBUICHAS CTIHKOCTI MPOIYKIIl ITiT
yac 30epiraHHi 3a0e3MeYyrOTh BHCOKI TTOKA3HHKH SKOCTI
TIPOAYKITii 32 HU3BKOTEMITepaTypHOi 00poOkn. [IpakTrdaHo
yci BUOM TIONiCAXapuOiB TPOSIBISIFOTH BHUCOKY BOJIO-
ro3g’seytoay (B33) Ta BonmoroyrpuMmyrody 3maTHICTH
(BY3), o cTBOpIOE MIEpEIyMOBH TSI OJICP KaHHS TIPOTYK-
il 31 30UIBLIEHOI0 COKOBMTICTIO Ta BHUXOHOM. OCKUIBKA
XapUoBi TMOJICAXapU/IY, SIBISIFOUMCH BUCOKOMOJICKYIISIPHH-
MU 3’€IHAHHAMY, B OUIBIIOCTI BUMAIKIB MAIOTh MOJIIEIEKT-
POJITHYHY CTPYKTYPY, MO’KHA TIPUITYCTUTH, 1110, BOJIO/IO-
4u pi3HUMH TokasHuKamu B33 ta BY3, BoHH MOXYTh BU-
CTymartH sIK Oap’epHi 3aco0M Ta OKa3yBaTH XapaKTepHUH
BIUIVB Ha BEJIMYHMHY BUMOPOYKEHOI BOJIM SIK OJTHOTO 3 MOKa-
3HHKIB CTIHKOCTI TIPOYKIIiT MpH 30€piraHHi.

OyYHKITIOHABHICTB TTOJIICAXapH/IiB 3aJIeKUTh Bi Oa-
rathox (pakTopiB. HaifOLTBII BOXKIIMBAMY € IX CTPYKTypa
Ta KOH(OPMAIIiS Y BOJHAX PO3YMHAX, a TAKOXK MUIIXU iX
B3a€MOJIil 3 IHIIMMHU IHIPEAIEHTAMH M’SICHOI CHCTEMH.
CryriHb nosiMepu3alii Ta po3Mipy noJticaxapyiB BU3Ha-
YaroTh X Terioi3uyHi BIACTUBOCTI. 32 paxyHOK BEIUKOT
MOJIEKYJIIPHOT MacH XapyoBi MoJicaxapuay MOXXyTb MPO-
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SIBJIATHA KPIOCKOIIYHI BIACTUBOCTI Ta HiBEIIFOBATH HETATH-
BHY JIi}0 HU3BKHX TEMIIEpaTyp, IO CIPHATAME KpiocTali-
mizamii OUIKIB M’SICHOI CHUCTEMH IIiJi 4ac 3aMOpPOXKyBaH-
Hi [8-9]. [laHe muTaHHSA BHCBITICHO B po0OTax HAYKOB-
iB [10-11], pa3om 3 THM CHCTEMHHUX JOCHIKEHb 3 I[HOTO
NUTAHHS HeMae. Moro BHDILICHHS JEXHTh B IUIOMIMHI
MOJANBIIIOT0 PO3BUTKY 3 YpaxXyBaHHSIM OCOOJIHMBOCTEH
KOHKPETHHX XapUOBUX CHCTEM.

OcCHOBHA YacTHHA

Ha ocHoBI momepenHix moCHimKeHh B XapKiBCh-
KOMY JIep>KaBHOMY YHIBEPCHTETI XapdyBaHHS Ta TOp-
riBm (QaxiBisMu Kadenpu TEXHOJIOTII M’sca po3pod-
neHo cymimi kpionporekropHoi aii (CK/). do ckiany
JaHUX CyMimeld BXOAWTH KaMelb KCaHTaHy, KaMmelpb
tapu, xapuosi BojokHa (CKJ[1), anpriHat HaTpito Ta
xap4oBi BosiokHa (CKJ2).

MeTor0 NOoCHTiKeHb OyJI0 BUBYCHHS (DYHKIIIOHA-
JbHO-TeXHOJIOTIUHNX BiactuBocted (OTB) M’sicHux
MOJIETIBHUX CHUCTEM 3 BUKOPHUCTAHHSAM CyMilleil Kpior-
poTekTopHOi  mii Mg 4Yac ~ 3aMOpOXKyBaHHS-
PO3MOpOXyBaHHS. SIK TpenIMeTH AOCITIKEHHS BHKO-
PHCTOBYBaJM M’SICHI MOJENBHI CHUCTEMH 3 SUIOBHYMHHI
monpibueHoi II kaTeropii 3 BHKOPHCTAHHIM CyMilIei
KpionpoTekTopHoi Iii y kijpkocti 1— 5% mo macu
OCHOBHO1 CUPOBUHH.

Ockilbku CTpYKTYpa (hapiieBux cucteM (GpopMyeThb-
csl B pe3yJIbTaTi pyiHyBaHHS HATHBHOI CTPYKTYpH M’sica
Ta YTBOPEHHSIM HOBOI BTOPHHHOI CTPYKTYPH, BaXKJIBUM €
BcraHoBuTH BB CKJI Ha kimrouoBi B 1iboMy 1uiani GTB
M'SICHHX CHCTEM JI0 Ta Ticiist 3amoposkyBaHHs (B33, Bpa-
TH I Yac 3aMOPOXKYBAaHHS Ta TepMiuHOi 00poOku [12])
Ta OPraHOJICTITHYHI TIOKa3HUKH [13].

Bimomo, mo mpu 3aMOpOXKyBaHHI M’SICHOI CHpO-
BMHM OCHOBHA Maca BOJW Ta TKAHEBOI PiIMHU MEPexo-
IUTh B KPUCTANIYHUI CTaH, TOMY M’s30Ba TKaHHHA
CTa€ TBEPJOIO, a )KUp HaOyBa€e KPUXKOI KOHCHUCTEHIIII.
MikpoOGiooriuHi Tpolecu B 3aMOPOXEHOMY M’sCi
NPUIHHSIOTHCS, a (DEPMEHTATUBHI PI3KO YMOBUILHIO-
totees [14]. JocmimkeHo B33 M’sICHUX MOJCTBHHX
cucrem 3anexHo Bin Bugy (CKIA1, CK2) ta BmicTy
(1 -5 %) CK/I. BcranoBieHo, 10 MPOIECH JTHOA0YT-
BOpPEHHSI MPU3BOJIATE J0 3HIKCHHS B33 BCix 3paskiB
TicIsl 3aMOpOXKyBaHHSI-po3MopoxkyBaHHs (puc. 1). o
3aMOpOKyBaHHS MakcuMainbHy B33 Mae 3pazox, mo
Mmictute CKJI y kimpkocti 5 — 69,6£2,7 % (CK/1) Ta
71,3£2,8 % (CKI2), mo Oimplme HiXX KOHTPOIH Ha
16,1 % ta 18,4 % BigmosigHo. B33 3pa3kiB 10 3amo-
POXKYBaHHS MMOPIBHIHO 3 KOHTPOJIEM 30LIBIIYETHCS B
1,0 — 1,3 pasu nns 3paskiB 3 CK/I1 ta B 1,1 — 1,3 pasu
qutst 3paskiB 3 CK/12. TlopiBusuibHui anani3 B33 noka-
3ye, mo 3i 30inpmenHsaM BMicty CKJI 36inbiryerbes
3HaueHHs B33, mpu yomy B OinmbImiii Mipi y 3paskax
TicIIsl 3aMOpPO’KYBaHHS, 110 MiITBEPKYE IMO3UTUBHUN
BrumB CK/I. Tak, micist 3aMOpoXyBaHHS CHOCTEpira-
€Tbes 30UnbmenHs B33 3pa3skiB 31 30UIbIIEHHAM Kijlb-
kocti CKJ] mopiBHsHO 3 KOoHTponeM Ha 3,7 — 15,9 %
(mnsa CKA1) tawa 5,0 — 17,7 % (s CK/12).
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o lo
3aMOpPOXYBaHHS

B33, %

m Micns
3aMOpOXYBAHHSA

o/flo

3aMOPOXKyBaHHS

B33,%

mMicna
3aMOPOXYBaHHS

Bwmict CKA, %

0)

Puc. 1. 3ane:xHicTh BOI0r03B’s13y1040i 3AaTHOCTI
M’SICHHX MOJeJbHUX CHCTEM BiJl BMiCTY Ta BUIY
CK/I:

a) —3pasku 3 CK/I1; 6) — 3pa3ku 3 CKJI2

3

Btpatu nia yac 3aMopoxyBaHHs, %

BTpaty nig 4ac 3amopoxyBaHHs, %

Bmict CKA,%

0)

Puc. 2. 3ane:kHicTh BTpPAT MacH MiJ Yac 3aMOPOIKY-
BaHHSA M’SICHUX MOJIeJIbHUX CHCTEM BiJl BMiCTy Ta
suay CKJL:

a) —3pasku 3 CK/I1; 0) — 3pa3ku 3 CK/I2

Xap4oBa HayKa 1 TEXHOJIOTIs

[Tpouiec 3aMOpOXyBaHHSI M’SICHOI CHPOBHHHU Ta
M’SICOTIPO/IYKTIB MPHU3BOAMUTH A0 BTPAT iX MacH B pe-
3yJIbTaTi BUNAPOBYBaHHS BosIoTH. OjepkaHi pe3yiib-
TaTH JOCTIIKCHHS BTpaT Wil 4Yac 3aMOpPOXKYBaHHSI
M’siCHUX cucTeM 3anexHo Bix Bmicty CK/1 ta CKJI2
HaBeJeHO Ha puc. 2. BcTaHOBIEHO WITKY TEHISHIIIO
3HIDKCHHS BTPAT MPH MiIBUIICHHAI BMICTY CYMITIIEH.

s 3paskiB 3 momaBarasm CKJ[1 cnoctepiraeTs-
sl BMEHILCHHS BTPAT HOPIBHAHO 3 KOHTPOJIBHUM 3pa3-
koM y 1,3 — 2.4 pa3u, CK/I2 —y 1,3 — 2,2 pa3u.

BrpaTtu Macu mij 9ac TeruioBoi 00poOKH € OTHUM
3 KIIIOYOBHX ITOKA3HUKIB, OCKUIBKH BH3HAYalOTh BUXiJ
roToBoi npoaykuii. ITix gac TemaoBoi 00poOku B M’sici
BinOyBaloThca creuudiuni (i3uKo-XiMidHI TEepeTBO-
PEHHS 10ro KOMITOHEHTIB 1 3MiHa iX 010JIOTiYHUX BIlac-
THUBOCTEH — JeHaTypalis OnkiB (B pe3yibTaTi 4oro
3MEHIIYETHCS IX 3AaTHICTh YTPUMYBATH BOJIOTY), CKO-
POYEHHsI BOJIOKOH KOJIareHy (3BaprOBaHHS), IO TPH3-
BOJAWTH 10 3MEHIICHHS TE€OMETPHYHUX PO3MIpIB Hari-
B(abpukariB. OnepkaHi pe3yapTaTd CBiAYaTh, MIO0
30unbiienns kouuentpauii CKJl npusBoauts 10 3Mme-
HILIIEHHSI BTPAT AOCIIKYBAaHUX 3Pa3KiB Mif] 4ac TeruIo-
BO1 00po0KH (puc. 3).

o flo
3aMOPOXYBaHHS

m Nicna
3aMOPOXyBaHHS!

BTpatu npu Tennosii o6pobui, %

0 1 2 3 4 5
Bmict CKAL, %

35

30+ -

25

20 4 oo

3aMOpOXyBaHHA

m Nicnsa
3aMOPOXyBaHHS

BTpati npu Tennosii o6po6ui, %

0 1 2 3 4 5
Bmict CKAl, %

0)

Puc. 3. 3ane:xxHicTh BTPaT Macu Mg 4ac Tenjao0Boi
00po0KH M’SICHHX MOJeJIbHUX CHCTEM BiJ BMicTy Ta
Buay CKJI:

a) —3pa3sku 3 CK/I1; 6) — 3pa3ku 3 CKJI2

BusnadeHno, mo HaiOiIbIIi BTPATH I Yac Ter-
moBoi 00podku 3pa3kiB 3 CKI1 ta CKI2 mo 3amopo-
XKyBaHHS Ma€ KOHTPOJBbHUH 3pa3ok — 32,6+1,3 %, a
HaliMeHmni BTpatd — 3pazok 3 CKJ[ y xinbkocti
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5-19,0+0,8 % (CK1) Ta 22,0+0,8 % (CK/2), mo Ha
13,6 % Ta 10,6 % MeHIIe KOHTPOJILHOTO 3pa3ka. Bera-
HOBJIGHO 3MEHILICHHS BTPAT ITiJ] 4ac TEIUIOBOi 00poOKH
JI0 3aMOpOKYBaHHS 3paskiB 3 nmomaBanHsM CKJ[1 ta
CK/12 mopiBHAHO 3 KOHTPOJIEHUM 3pazkoMm y 1,1 — 1,7
pasu ta 1,1 — 1,5 pasu BiAmOBiAHO.

[Micnsa 3amopoxyBanHs 3pas3kiB 3 CKJ[1 Ta CKI2
HaHOLIBIII BTpATH i 9ac TEIUIOBOI OOpOOKH Mae Ko-
HTpONbHUI 3pa3ok — 33,4+1,3 %, a HalimMeHmIl BTpa-
1 — 3pasok 3 CKJ/l y ximekocti 5% — 18,6+0,7 %
(CKAl) Tta 20,9+0,8 % (CKO2), mo Ha 14,8 % Ta
12,5 % MeHIIe KOHTPOJILHOTO 3pa3ka. BTparu 3paskiB
3 momaBanusiM CKJ[1 Ta CKJ/I2 mig gac TemnoBoi oopo-
OKM micys 3amMopoxyBanHs MeHmi y 1,0 — 1,2 ta 1,0 —
1,1 pasu BiAMOBIIHO, HIXK JIO 3aMOPOKYBaHHS.

[Tin gac po3poOKM HOBOI TMPOAYKIi CYTTEBHM
MTOKa3HUKOM, IO XapakTepu3ye il TEeXHOJIOTIYHY Ta
€KOHOMIYHY €()EeKTHUBHICTh, € CIOXWBHI BIACTHBOCTI,
cepen SKAX OOpaHO OPTraHOJENTHYHI MOKa3HUKU. [lifg
Yac eKCIIePUMEHTANBHOI OLIHKH 3pa3KiB O Ta MiCIs
3aMOPOXKYBaHHS BCTaHOBIICHO, II0 OPTraHOJENTHYHI
MOKa3HUKH BCIX 3pa3KiB BiJIIOBIIaNM BUMOTaM YHHHOI
HOPMATHBHOI JOKYMEHTAIIIi.

Amnanizyoun oliepkaHi pe3yabpTaTu
OPraHOJICITUYHOI OIIIHKK 3pa3KiB (3a 5 OalbHOIO
IIKAJIOI0) MIcIs TeroBoi 0OpOOKH BCTAHOBIIEHO, IIO
cepen 3paskiB 3 CKJ[l wHaiikpami opraHoJeNTHYHI
TTOKAa3HUKU MAJIM 3pa3KH 3 KOHIEHTpaLisiM cyMiri 2 %

Crincok JiTepatypn:

ta 3 % (5,0 6ami). 3 ycix 3paskis, mo mictate CKJ2,
MaKCUMaJlbHy  OIIIHKY  OJIep)KaB  3pa3oKk 3
KoHIleHTpaltiero cymimi 2 % (5,0 Oami). 3pazku 3
KOHIICHTpAIli€r0 cymimei < 2 % Maiaum He3aIoBiIbHI
MOKAa3HUKY KOHCUCTEHIIT Ta cMaky (4,2 — 4,5 OaiiB); 3
koHnerpamiero > 3 % (mms CKOAl) ta> 2% (s
CKJ12) — ne3anoBinbHUM cMak (4,6 6amiB).

BucHoBKkH

TakuMm YMHOM, aHANITHYHO Ta EKCIICPHUMEHTANb-
HO moBeneHo, mo BukopucranHs CKJl BmmBae Ha
OTB Ta crioXuBHI XapaKTepUCTUKNA M SICHUX HamiBda-
OpwkaTiB, a came JO3BOJsSIE 3OUTBIINTH  BOJIO-
ro3B’si3yl04y 34aTHICTh, 3HU3UTH BTPATH MiJA Yac 3a-
MOpPOXKYBaHHsI Ta TemiIoBoi 00poOku. BcraHoBneHo
BupakeHnid no3utuBHuid BB CKJI npu 30inbiienH1
iX KOHIIEHTpaIlii Ha MOKA3HHUKH, [0 JOCITIKYBaJIHCh.
3 ypaxyBaHHSIM MPOBEACHUX IOCIIMKEHb BHU3HAYCHO
palioHaTbHY KOHIICHTPAIII0 CyMIIlIed y CKIajai 3aMo-
POXEHUX M'SICHUX IOCIdeHHX HamiB(aOpHkariB — 2 —
3% (CKAO1) ta 2 % (CK[2). Bukopucranas CKJ] B
JAaHUX KOHLEHTPALISIX JO3BOJUThH OJEPIKATH IIUPOKUIHA
ACOPTHMEHT 3aMOPOKEHHUX M SICHHX ITOCIYE€HHX HaIliB-
(abpukaTtiB 3 Bucokumu ®TB Ta opraHONENTHIHIMHA
BJIACTUBOCTSIMH, SIKI MAlOTh CTaJll MIOKA3HHUKHU SKOCTI B
LIUKJI 3aMOPO’KyBaHHA-PO3MOPOKYBAHHS.
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