TexHosozis i 6e3nexka NpodyKkmie xap4yeaHHA

peadizarii, He 1acCTb 3MOTH OLIHUTH PiBE€Hb €KOJIOTiY-
HOI Oe3nexu xapuoBHX NponykriB. Ile, B cBolO uepry,
BKa3zye Ha HEOOXIIHICTh NETANBLHOTrO aHaji3y CKJano-
BHX, IX B3a€MO3B’SI3KIB 1 3aJI)KHOCTEH 3 METOIO BUSIB-
JIeHHS! 00’ €IHyBaJIBHOTO KOMIUIEKCHOT'O KpPHUTEpilo, 3a
JIOTIOMOT'010 SIKOTO Oy/1e MOXKIIMBO YHPABIISITH €KOJIOTI-
YHOIO 0€3MeK0I0 XapUOBHX MPOAYKTIB.

BucHoBkH

VY naniif crarri Oyno NpoaHaNi30BaHO CKJIA/OBi
TEPMiHY «EKOJIOTidHa Oe3leka XapuoBHX MPOAYKTIBY,
BCTAaHOBJICHO iX MpsMe BiJHOMICHHS IO METOHOJOTii
OILIHKH KUTTEBOTO IMKIy Ta c(popMyITHOBAHO BH3HA-

YCHHS TEPMIHY «CKOJIOTiuHA Oe3leKka XapuoBHX IpO-
JYKTiBY», SIKE TO3BOJISE OUTBIN JETAIbHO Ta IPYHTOBHO
pO3rIIsiIaTH Xap4yoBY NPOMYKIIIO Ha YCIX craaisx ii
BUPOOHHMIITBA, CIIOKUBAHHS Ta YTUIII3AIil YChOTO CIIe-
KTPY BiJIXOJiB, 3 ypaxyBaHHSIM BIUIMBY HA HABKOJIHIII-
HE CEPEeIOBUIIIC, BKIFOUAIOYH JTFOIUHY.

HaBeznene TpakTyBaHHS €KOJIOTIYHOI OE3MEKH Xa-
PUOBHX MPOAYKTIB BUMAra€ IOCIHI/KSHHS CKIIaOBUX
IIBOTO TIOHSATTS 3 METOIO iMeHTU(IKAIlil yCiX acHeKTiB
XapuOBHX MPOJYKTIB, IO MalOTh 10 HHOTO BiIHOIICH-
Hsl, OL[IHKY iX 3HAYMMOCTI Ta MOYKIIMBOCTI KOMILIEKC-
HOI OI[IHKM €KOJIOTIUHOI Oe3MeKn Xap4OBHX MPOIYKTIB
Ha X MOBHOMY JKUTTEBOMY IHKJIi.
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Amnotanisi. OTHNIM 13 CerMEeHTIB pHHKY 3aMOPOKEHHX IPOYKTIB, IO PO3BUBAETECS BUNEPEDKYBATEHUMH TEMITAMH, € HarliB(a-

OpuKaTH M’sICHI TTOCiueHi 3aMoposkeHi. He3Baxkarouu Ha 3HAUHMI HAyKOBHI Ta MPAKTHYHUH OTEHIiaN 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 ¥Jie PO J10C-
JIDKEHHS, SIKI TO3BOJISIIOTH Y TEXHOJIOTISIX BUPOOHUIITBA HamiB(HaOpUKaTiB M’SICHUX ITOCIYEHHX 3aMOPO)KEHNX BHKOPHCTOBYBATHU CY-
Millli KPIOIPOTEKTPHOT [iT Ha OCHOBI Xap4YOBHX iHIPEIIE€HTIB, 1110 3AaTHI HiBETIOBAaTH HETaTHBHUIN BILUTHB HU3BKHX TEMIIEPATyp IPOLECy
3aMOpOKyBaHHs. J[0 0OroBOpEHHS TPEICTAaBIICHI Pe3ybTaTH JOCTIHKCHHS (YHKIIOHATLHO-TEXHOIOTIYHNX BJIACTHBOCTEH M’SICHUX
MOJICIBHUX CHUCTEM 3 BUKOPHUCTaHHSM CyMIiIlllel KpiompoTeKTOpHOI Ail MiJ Yac 3aMOpOXYBaHHS-PO3MOPOKYBaHHs. BHBUEHO BIUMB
CyMillleif Ha BOJIOrO3B’sI3ylOdy 3IaTHICTb, BTPATH MiJ| Yac 3aMOPOXKYBaHHs Ta TEPMIYHOI OOpOOKH, OpPraHONENTHYHI MOKA3HHKH
M’SICHUX TOCiueHnX cucTeM. Ha OCHOBI oepykaHMX pe3yJIbTaTiB BU3HAYCHO palliOHAIBHUH BMICT CyMilleH KPiOIPOTEKTOPHOI Jii.
ITpoBeneHi NOCIiHKEHHS CBiTYaTh MPO MEPCIEKTUBHICTh BUKOPUCTAHHS JaHUX CyMillel y BUPOOHUIITBI HariB(haOpHKaTiB M’SICHUX
MOCIYEHNX 3aMOPOXEHHX, IO MO3BOJMTH OfEPXKATH IIHMPOKWH AaCOPTUMEHT JaHUX BHPOOIB 3 BHCOKMMH (DYHKIIOHAJIHHO-
TEXHOJIOTTYHUMH Ta OPraHOJSNTHYHWMHU BJIACTUBOCTSMHM, SIKI MAlOTh CTalli ITOKa3HUKH SIKOCTI B IMKJII 3aMOPOXKYBAaHHS-
PO3MOPOXKyBaHHSL.

KumiouoBi cioBa: 3aMOpoxyBaHHS, PO3MOPOXKYBaHHS, (hyHKIIOHAIBHO-TEXHOJIOTIYHI BIIACTHBOCTI, M SICHI ITOCIYEHI CHCTEMH,
CyMili KpiOTIPOTEKTOPHOI JIii.

Annotamus. OHIM U3 CErMEHTOB PHIHKA 3aMOPOXEHHBIX IPOyKTOB, PA3BUBAOIIHICS ONEPEKAIOIIIMI TEMITAMH, SIBIISIETCS
oIty (haObpuKaThl MSICHBIE PyOJIeHbIe 3aMOpOKeHHBIE. HecMOTpst Ha 3HaUNTeIbHBIN HAYYHBIH U MPAKTHIECKUIA TIOTSHIIHAI IPOU3BOIC-
TBa MOy (HaOpPUKATOB MACHBIX 3AMOPO’KEHHBIX BOMPOC 00ECTICYEHHMS HX KAaueCTBa HEJb3s CUUTATh MOJHOCTHIO PeleHHBIM. B pabote
pedb HaeT 00 MCCIIeIOBAHMAX, KOTOPBIE TIO3BOJIIIOT B TEXHOJIOTHSX IIPOU3BOACTBA MOy (paOpHKaTOB MACHBIX PYOJICHBIX 3aMOPOKEH-
HBIX HCTIONIB30BATh CMECH KPHOIPOTEKTOPHOTO ACHCTBHS Ha OCHOBE IHILIEBBIX MHTPEINEHTOB, CIIOCOOHBIC HUBEIMPOBATH HETAaTHBHOE
BIIFSTHIE HU3KUX TEMIIepaTyp mpomecca 3aMopaxuBanrst. K 00CyskIEHHIO PeACTaBIEHbI Pe3y IbTaThl HCCIeI0BAHMS (PyHKIIMOHATHHO-
TEXHOJIOTUYECKUX CBOICTB MSCHBIX MOJIEBHBIX CHCTEM C HCIOIB30BaHIEM CMecel KPHUOMPOTEKTOPHOTO IEHCTBHUSI TIPU 3aMOpaKIBa-
HHH-Pa3MOpaKUBAHUH. V3ydeHo BIMsIHHE cMecell Ha BIAaroCBS3BIBAIOIIYIO CIOCOOHOCTb, TIOTEPH MPH 3aMOPKHBAHUH U TEPMHTIEC-
Kot 06pabOTKH, OPraHONENTHIECKHE TTOKA3aTeNN MACHBIX pyOieHbIX cucTeM. Ha ocHOBeE MOMy4eHHBIX pe3ysIbTaToOB OMpPEEIEHO pa-
IIMOHAJIEHOE COZIEPKaHHNE CMECE KPHOIPOTEKTOPHOTo AeHicTusl. [IpoBeieHHbIE HCCIIeI0BaHMUs CBUICTENBCTBYIOT O NMEPCIEKTUBHOC-
TH UCIIOJIB30BaHUS JAHHBIX CMECel TP MPOU3BOACTBE 10Ty (HaOPHKATOB MICHBIX PYOJICHBIX 3aMOPOXKEHHBIX, YTO TTO3BOJIMT PACIIN-
PUTh aCCOPTUMEHT JAaHHBIX M3JENUI C BHICOKMMHU (DyHKLHOHAIBHO-TEXHOIOIMUECKAMH M OPraHONIENTHYECKUMU CBOMCTBAMU, KOTO-
Ppble HMEIOT CTAaOMIIbHBIE ITOKA3aTeNIM KauecTBa Ha 3Tare 3aMOpaKUBaHHA-Pa3MOPaKUBAHUS.

KitroueBble cj10Ba: 3aMOpaKHBaHNE, Pa3MOPaKUBaHHE, (DyHKIMOHAIBHO-TEXHOJIOIMYECKUE CBOICTBA, MSCHBIE PyOJICHbIC CHC-
TEMBI, CMECH KPHOTIPOTEKTOPHOTO JEHCTBUS.

Beryn CTYTIHb 30€PEKCHHSI CTIOKUBHUX BIIACTHBOCTEH Xap4OBOL

npoxaykiii. OHAK BUKOPHCTaHHS HHU3bKHX TEMIEparyp
OXOJIOXKYIOUOTO CEPEIOBUIIA IIPU3BOAUTH JO XOIOJ0BO-
IO CKOPOYEHHS Ta KPIOTOMIKOPKEHHS M’S30BOTO BOJIOK-
Ha, IO 3HAYHO TIOTIpIIyE SKICTh M SICHOI CHPOBHHH Ta
BUpOOiB Ha 1i ocHOBi. Tomy oOpaHWMiT HanpsIMOK HOCIi-
JDKECHHS € aKTyaJIbHHM.

3pocTaHHs MONHUTY Ha BHCOKOSIKICHI 3aMOPOXKEH1
M’SICHI BUPOOHM POOWTH NMEPCIEKTHBHUM IHTAaHHS BH-
KOPHCTaHHA y IX CKIJIaJi Xap4yOBHX IHTPEIIEHTIB, IO
XapaKTepU3YIOThCS 3MATHICTIO 30€pekeHHs SKiCHUX
MOKa3HUKIB BUPOOIB Ha eTami 3aMOpOXKyBaHHS-
30epiraHHs-pO3MOpPOXKYBaHHs. B M’sicHIl mpomwmcio-

BOCTI CHOTOJHI IIMPOKE BUKOPUCTAHHS 3HAXOIATh Xa- Orasp Jditepatypu

pUOBI IoJicaxapuayu. BUBUEHHSM MOXIMBOCTI X 3a-
CTOCYBaHHS B SIKOCTI KPIOIPOTEKTOPIB JUIsi BUPOOHUII-
TBa 3aMOPOXKEHMX M SICHUX BHPOOIB 3aliMaeThcst Oara-
TO TPOBIJHHUX BUYEHHX, OJHAK I MUTAHHS 3AJIUIIAETh-
cs HE BUpINIEHHMM Ta MOTpedye IOAANBIINX IOCHTi-
JoKeHb. JlocmipKeHHS BIUTMBY CyMIIed KPiompOTEeKTO-
pHOI 1ii Ha (QYHKIIIOHATEHO-TEXHOJOTI9HI BIACTHBOCTI

Brutus nporeciB 3aMOpOIKyBaHHS-
PO3MOpPOKYBaHHA Ha AKICTb M’ SICHOI CHPOBHHH TIPOBi-
ITHI BYCHI Ta JOCIHITHHUKH IOSCHIOIOTH 3 TIO3UIIIH Teopii
KpucTaiizaiii BogHOT (a3u, Mo NpU3BOAUTH 0 3MIHU
TerO(I3NYHUX, CTPYKTYPHO-MEXaHIYHUX, (YHKIIO-
HAJIbHO-TEXHOJIOTIYHUX Ta 1HIINX XapaKTePHUCTHK CUC-

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

IMocTtanoBka npodJieMu Ta ii 3B'S30K 3 HallBa:K/IU-
BilllMMHY HAYKAMHU TA NPAKTUYHUMU 3aBAAHHIMU

OCHOBHI TeHJEHIT PO3BUTKY XOJOIMIBHOI TEXHO-
JIOTIT TIOB’513aHO 3 HEOOXIHICTIO iHTeHCHDIKAIIT TpoIecy
3aMOpOXKyBaHHS M’SICHOI CHpPOBHMHHM, SIKMH 3a0e3revye
TpUBaJIe HU3BKOTEMIIEpAaTypHe 30epiraHHs 3a paxyHOK
3arro0iraHHs PO3BUTKY MIKpPOOIOJIOTIYHIX TPOLECIB 1 ic-
TOTHOTO YHOBUIBHEHHS IIBUAKOCTI O10XIMIYHUX 1 (hi3uKO-
ximMigamX peakmiit. [leit crocid kKoHCepBYBaHHS € OTHAM 3
HAWOLTBII TOMMPEHNX Ta 32 ONTUMAIBHUX YMOB 3IIiHC-
HEHHA IIpolleCy 3aMOpOXKyBaHHS 3a0e3ledye BHCOKHMIA
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temu. [lpomec BUMOpOXyBaHHS BOJHOI (a3u SBIsIE
c000F0 TPOIIeC MEPETBOPCHHS PITUHA B KPUCTATIYHUN
CTaH, a HOro CyTHICTh BHUPAXKAETHCS B TEPEXOIi BiJX
CTPYKTYPH PIANHU 10 CTPYKTYpH TBEpAOI KpHCTATiy-
HOi peuoBHHH. OCOOIMBOCTI B3a€EMOpPO3TAIIYBaHHS
MOJIEKYJI BOJH Y CTPYKTYpI JIbOY 3yMOBJICHO HAsBHIC-
TIO BOJHEBHX 3B s3KiB. KiIbKiCTh Ta BeNMWYHMHA KpHC-
TaJiB JTBOMY, SIKI YTBOPIOIOTHCS TPH 3aMOPOXKYBaHHI,
Ta PIBHOMIPHICTh PO3MOUTY JbOAY MIX KIITHHAMH U
MDKKIIITHHHOIO PEYOBHHOIO IO TOBIII M’SICHOI CHUpO-
BUHHM OyIyTh BIUIMBAaTH Ha SIKICTh M’SICHUX BHpPOOIB
TTCIISt PO3MOPOKYBaHHSI.

HeratuBHi HaciliiKd TIpoLieCcy 3aMOPOXKYBaHHS
M’SICHOT CHpOBHHH OOYMOBJIEHO 3MiHamu ii Mopgooriy-
HOI CTPYKTYpH, MEPEpO3IOIiiIOM BOJIOTH MDK CTPYKTYp-
HUMH €JIeMEHTaMH, 3MiHAMH CTaHy KOJIOiTHUX CHCTEM Ta
OUIKIB, 110 HEMUHYY€E BIUIMBAE Ha SKICTh TOTOBHX BUPOOIB
Ticis 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 YuHOM, (i3HKO-
XiMi9HI 3MiHH, SKi BiZOyBarOThCSl IIPH 3aMOpPOXKyBaHHI
M’SICHOI CHPOBHHH, HETAaTHBHO BIUTMBAIOTH Ha CHOXKUBHI
BJIACTHUBOCTI M SICHUX BHPOOIB.

Cepen BeNUKOI KITBKOCTI TEXHOJOTIYHUX YHHHH-
KiB, sSKi BHU3HAYAIOTh SKICTh 3aMOPOKEHHX M'SCHUX
BHPOOIB, BHUpIIIaIbHA POJH HAJICKUTH YMOBAM 3aMO-
pPOXKyBaHHS (TemIlepaTypa, IIBHIKICTE PyXy OXOJO-
JUKYBaJIBHOTO CEpElIOBHUINA) 1 BIACTUBOCTAM 00'€KTa
3aMopoxyBaHHA [1-2].

VY TeXHOJIOTISIX BUPOOHMIITBA 3aMOPOKEHUX M'sl-
CHHMX TIOCIYeHMX HariBpaOpuKaTiB 3 METOI 3amobi-
raHHs HeOa)KaHUX 3MiH Ta 30€peKeHHsI SKOCTI M'SICHUX
BHPOOIB IPH XOJOAMIBHIH 00pOOIi MOKIIMBO BUKOPH-
CTaHHsS XapyOBUX IHI'PEMI€HTIB KpIOMPOTEKTPHOI mii,
SIKi BIUTUBAIOTh Ha CTPYKTYpHHUI cTaH Boau. Sk xapyo-
Bi IHTpEIiEHTH KPIOTMPOTEKTOPHOI [ii, IO MPOSBIIOTH
30aTHICTh JO PEryJIOBaHHA IPOLECY KPUCTAJIOYTBO-
peHHs BOIHOI (pa3u y M’SICHUX cHUCTeMax, MOXYTb Oy-
TH BUKOPHCTaHi XapyoBi MoicaXxapuau. IX Monexysiu
SIBJISIFOTH COOOM0 JTiHIMHI a00 po3rajiykeHl MoJiMepHi
JIQHITFOTH, 3TOPHYTI B KIyOku. HasBHICTh BEIHMKOI Ki-
JIBKOCTI TiJPOKCWIIBHHX TPYyH MOMITHO 30UIbIIyE iX
3JIATHICTD 3B'SI3yBaTH MOJIEKYJIM BOJIM Ta YTBOPIOBATH
B'S3Ki Iucnepcii Ta/abo relni mpu TUCTIePTyBaHHI y Ce-
penoBHI, IO MICTHTH BiIbHY Bouory. Lls BiacTuBicTh
JIOTIOMAarae peryJroBaTH B’SI3KICTh CEPEOBHIINA, TEKC-
TYpy, 3HU3HTH IIOBEPXHEBHH Hatsr, cdopmyBaTH
CTPYKTYpOBaHi IIapy Ha TMOBEPXHI po3aiMy (a3, IIo
3abe3medye cTabimizamiro HEoOXiTHOI SKOCTI OfepKa-
HUX CHCTEM B yMOBax 3MiHH TemIiepaTypH [3-4].

VY pobGorax [5-7] 3a3Ha4yeHo, 110 MOJTiCAXapUIx € Jie-
BHM TEXHOJIOTTYHUM IHCTPYMEHTOM PETyJIIOBaHHS (DYHKIIi-
OHAJILHO-TEXHOJIOTTYHUX Ta CTPYKTYPHO-MEXaHIYHMX Xapa-
KTEPUCTHK M’SICHUX CHCTeM M TOToBOI mponykuii. CTpyk-
TYpPYIOUH M’SICHY CHCTEMY, JISsIKi TOJTiCaxapH/IH 3a PaXyHOK
CHHEPTITHYHOI JIii Ta MBUILICHAS CTIHKOCTI TPOIYKIIl ITiT
yac 30epiraHHi 3a0e3MeYyrOTh BHCOKI TTOKA3HUKH SKOCTI
TIPOAYKITii 32 HU3BKOTEMITepaTypHOi 00poOkn. [IpakTraHo
yci BUOM TIONiCAXapuIiB TPOSIBISIFOTH BHUCOKY BOJIO-
ro3p’seytoay (B33) Ta BonoroyrpuMmyrody 3maTHICTH
(BY3), 1o cTBOpIOE MIEpEIyMOBH TSI OJCP KAaHHS TIPOTYK-
wii 31 30UIBLIEHOI0 COKOBMTICTIO Ta BHUXOHOM. OCKUIBKA
XapUoBi TOJCAXapU/IY, SBISIFOUMCH BUCOKOMOJICKYIISIPHH-
MU 3’€IHAHHAMY, B OUIBIIOCT] BUMAIKIB MAIOTh MTOJIIEIEKT-
POJITHYHY CTPYKTYPY, MO>KHA TIPUITYCTUTH, 1110, BOJIOJIO-
4u pi3HUMU TokasHuKamu B33 ta BY3, BoHH MOXYTh BU-
CTymartH sIK Oap’epHi 3aco0M Ta OKa3yBaTH XapaKTepHHUH
BIUIVB Ha BEJIMYHMHY BUMOPOYKEHOI BOJIM SIK OJTHOTO 3 TOKa-
3HHKIB CTIHKOCTI TIPOAYKIIiT MpH 30€piraHHi.

OYHKITIOHABHICTB TTOJIICAXapH/IiB 3aJIeKUTH Bin Oa-
rathox (pakTopiB. HaifOLTBII BOXKIIMBAMY € IX CTPYKTypa
Ta KOH(OPMAIIiS Y BOJHUX PO3YMHAX, a TAKOXK MUIIXKU iX
B3a€MOJIil 3 IHIIMMHU IHIPEAIEHTAMH M’SICHOI CHCTEMH.
Cry1iHb nosiMepH3alii Ta po3Mipy noJticaxapyIiB BU3Ha-
YaroTh X Teriodi3uyHi BIACTUBOCTI. 32 paxyHOK BEIUKOL
MOJIEKYJIIPHOT MacH XapyoBi Moicaxapuay MOXyTb MPO-
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SIBJIATHA KPIOCKOIIYHI BIACTUBOCTI Ta HiBEIIFOBATH HETATH-
BHY JIi}0 HU3BKHX TEMIIEpaTyp, IO CIPHATAME KpiocTadi-
mizamii OUIKIB M’SCHOI CHUCTEMH IIiJi 4ac 3aMOpPOXKyBaH-
Hi [8-9]. [laHe muTaHHSA BHCBITICHO B po0OTax HAYKOB-
iB [10-11], pa3om 3 THM CHCTEMHHUX JOCHTIKEHB 3 I[HOTO
NTAHHS HeMae. Moro BHPILICHHS JEXHTb B IUIOMIMHI
MOJANBIIIOT0 PO3BUTKY 3 YpaxXyBaHHSIM OCOOJHMBOCTEH
KOHKPETHHX XapUOBUX CHCTEM.

OcCHOBHA YacTHHA

Ha ocHoOBI momepenHix mochimKeHb B XapKiBCh-
KOMY JIep>KaBHOMY YHIBEPCHTETI XapdyBaHHS Ta TOp-
riBm (QaxiBisMu Kadenpu TEXHOJOTII M’sgca po3poo-
neHo cymimi kpionporekropHoi aii (CK/). do ckiany
JaHUX CyMimleldl BXOAWTH KaMelb KCaHTaHy, KaMmelpb
tapu, xapuosi BojokHa (CKJ[1), anpriHat HaTpito Ta
xap4oBi BosiokHa (CKJ2).

MeTor0 nOCTiKeHb OyJI0 BUBYCHHS (DYHKIIIOHA-
JbHO-TeXHOJIOTTUHUX BiactuBocted (OTB) M’sicHux
MOJIETIBHUX CHUCTEM 3 BUKOPUCTAHHSAM CyMilleil Kpior-
poTekTopHOi  mii Mg 4Yac ~ 3aMOpOXKyBaHHS-
PO3MOpOXyBaHHS. SIK TpenaMeTH AOCITIKEHHS BHKO-
PHUCTOBYBAJM M’SICHI MOJENBHI CUCTEMH 3 SUIOBHYMHHI
monpibueHoi II kaTeropii 3 BHKOPHCTAHHIM CyMillIeH
KpionpoTekTopHoi nii y kijgpkocti 1— 5% mo macu
OCHOBHO1 CUPOBUHH.

Ockilbku CTpYKTYpa (hapiieBux cucreM (GpopMyeThb-
csl B pe3yJIbTaTi pyiHyBaHHS HATHBHOI CTPYKTYpH M’sica
Ta YTBOPEHHSIM HOBOI BTOPHHHOI CTPYKTYPH, BaXKJIIBUM €
BcraHoBuTH BruB CKJI Ha kimrouoBi B 1ibomy 1iani ©TB
M'SICHHX CHCTEM JI0 Ta Ticiisl 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 PIIMHN MEPeXo-
IUTh B KPUCTANYHUI CTaH, TOMY M’s30Ba TKaHHHA
CTa€ TBEPJOIO, a )KUp HaOyBa€e KPUXKOI KOHCHUCTEHIIII.
MikpoO6ioyoriuHi Tpolecu B 3aMOPOXEHOMY M’sCi
NPUIHHSIOTHCS, a (EPMEHTATUBHI PI3KO YMOBUIbHIO-
totees [14]. JocmimkeHo B33 M’sCHUX MOJCTBHHX
cucrem 3anexHo Bin Bugy (CKIA1, CK2) ta BmicTy
(1 -5 %) CKJI. BcranoBieHo, 10 MPOIECH JTHOI0YT-
BOpPEHHSI MPHU3BOJIATH JO 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 Oimpime HiXX KOHTPOIH Ha
16,1 % ta 18,4 % BigmosigHo. B33 3pa3kiB 10 3amo-
POXKYBaHHS MOPIBHIHO 3 KOHTPOJIEM 30LIBIIYETHCS B
1,0 — 1,3 pasu ans 3paskiB 3 CK/I1 ta B 1,1 — 1,3 pasu
qutst 3paskiB 3 CK/12. TlopiBusubHul anani3 B33 noka-
3ye, mo 3i 30inpmenHsaM BMicty CKJI 36inbiryerbes
3HaueHHs B33, mpu yomy B OunmbImiii Mipi y 3paskax
IiCIIsl 3aMOPO’KYBaHHS, 10 MiITBEPKYE TMO3UTUBHUN
BrumB CKJ/I. Tak, micist 3aMOpoXyBaHHS CHOCTEpira-
€Tbes 30UbmenHs B33 3pa3kiB 31 30UIBIIEHHAM Kijlb-
kocti CKJ] mopiBHsIHO 3 KOoHTponeM Ha 3,7 — 15,9 %
(mnsa CK1) tawa 5,0 — 17,7 % (s CK/12).
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o lo
3aMOpPOXYBaHHS

B33, %

m Micns
3aMOpOXYBAHHSA

oo

3aMOPOXKyBaHHS

B33,%
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3aMOPOXYBaHHS

Bwmict CKA, %

0)

Puc. 1. 3ane:xHicTh BOI0r03B’s13y1040i 3AaTHOCTI
M’SICHUX MOJeJIbHUX CHCTEM BiJl BMIiCTY 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 Yyac 3aMOpPOIKY-
BaHHSA M’ICHUX MOJIeJIbHUX CHCTEM BiJl BMicTy Ta
suay CK/L:

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

Xap4oBa HayKa 1 TEXHOJIOTIs

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

s 3paskiB 3 momaBarasm CKJ[1 croctepiraeTs-
sl SMEHILICHHS BTPAT NOPIBHAHO 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 IOKA3HUKIB, OCKUIBKH BH3HAYalOTh BUXiJ
rotoBoi npoaykuii. ITix gac TemaoBoi 00poOku B M’sici
BifOyBatloThca creuudiuni (i3MKo-XiMiYHI TEpeTBO-
PEHHS 10r0 KOMITOHEHTIB 1 3MiHa iX 010JIOTiYHUX BIlac-
TUBOCTEH — JeHaTypalis OinkiB (B pe3yibTaTi 4oro
3MEHIIYETHCS 1X 3AaTHICTh YTPUMYBATH BOJIOTY), CKO-
POYEHHsI BOJIOKOH KOJIareHy (3BaproBaHHS), IO TIPH3-
BOJAWTH 10 3MEHIICHHS T€OMETPHYHUX PO3MIpIB Hari-
B(pabpukariB. OmepxkaHi pe3yapTaTd CBiAYaTh, MIO
30unbiieHns kouuentpauii CKJl npusBoguts 10 3me-
HILIIEHHSI BTPAT AOCIIKYBAaHUX 3Pa3KiB Mifl 4ac TeruIo-
Bo1 00po0KH (puc. 3).

o lo
3aMOPOXyBaHHS

m Nicna
3aMOPOXyBaHHS!

BTpatu npu Tennosii o6pobui, %

0 1 2 3 4 5
Bmict CKAL, %
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3aMOpOXyBaHHA

m Nicna
3aMOPOXyBaHHS

BTtpath npu Tennosii o6po6ui, %

0 1 2 3 4 5
Bmict CKAl, %

0)

Puc. 3. 3anexxHicTh BTPaT Macu Mijg 4ac TenjaoBoi
00po0KH M’SICHHX MOJeJIbHUX CHCTEM BiJ BMicTy Ta
Buay CK/I:

a) —3pasku 3 CKJI1; 6) — 3pa3ku 3 CKJI2

Busnadeno, mo HaiOiIbIIi BTPATH IMiJ Yac Ter-
moBoi 00podku 3pa3kiB 3 CKI1 ta CK/2 mo 3amopo-
XKyBaHHS Ma€ KOHTPOJBbHWH 3pa3ok — 32,6+1,3 %, a
HaliMeHmni BTpatd — 3pazok 3 CKJ[ y xinbkocti
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5-19,0+0,8 % (CKA1) Ta 22,0+0,8 % (CK/2), mo Ha
13,6 % Ta 10,6 % MeHIIe KOHTPOJILHOTO 3pa3ka. Bera-
HOBJIGHO 3MEHILICHHS BTPAT I1iJ] 4ac TEeIUIOBOi 00poOKH
JI0 3aMOpOKYyBaHHS 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 3amopoxyBarHs 3pas3kiB 3 CKJ[1 Ta CK2
HaHOLIBIII BTPATH i 9ac TEIUIOBOI 0OpOOKH Mae Ko-
HTpoNbHUI 3pa3ok — 33,4+1,3 %, a HalimMeHmI BTpa-
1 — 3pasok 3 CK]/l y ximekocti 5% — 18,6+0,7 %
(CKAl) Ta 20,9+0,8 % (CKA2), mo Ha 14,8 % Ta
12,5 % MeHIIe KOHTPOJILHOTO 3pa3ka. BTpartu 3paskiB
3 momaBanusM CKJ[1 Ta CKJ/I2 mig gac TemioBoi oopo-
OKu micys 3amMopoxyBanHs MeHmi y 1,0 — 1,2 ta 1,0 —
1,1 pasu BiAMOBIIHO, HIX JIO 3aMOPOXKYBaHHS.

ITin gac po3poOKM HOBOI TMPOAYKIi CYTTEBHM
ITOKa3HUKOM, IO XapakTepu3ye il TEeXHOJIOTIUHY Ta
E€KOHOMIYHY €()EeKTHUBHICTh, € CIOXWBHI BIACTHBOCTI,
cepen SKAX OOpPaHO OPTraHOJENTHYHI MOKa3HUKH. [lig
Yac eKCIIePUMEHTANBHOI OLIHKH 3pa3KiB IO Ta MiCIs
3aMOPOXKYBaHHS BCTaHOBIICHO, IO OPraHOJENTHYHI
MOKAa3HUKH BCIX 3pa3KiB BiAIOBIIaNM BUMOraM YHHHOI
HOPMATHBHOI JOKYMEHTALIIi.

Amnanizyoun oliepkaHi pe3yabpTaTu
OPraHOJICNITUYHOI OINIHKK 3pa3KiB (3a 5 OalbHOIO
MIKAJIOI0) MIcIs TeroBoi 0OpoOKM BCTAHOBIIEHO, IO
cepen 3paskiB 3 CKJ[l wHaiikpami opraHOJENTHYHI
TTOKAa3HUKH MAJIM 3pa3KH 3 KOHIEHTpaLisiM cyMimri 2 %

Crnincok JiTepatypn:

ta 3 % (5,0 6amiB). 3 ycix 3paskis, mo mictate CKJI2,
MaKCUMaJlbHy  OI[IHKY  OJIep)KaB  3pa3oKk 3
KoHIleHTpaltiero cymimi 2 % (5,0 Oami). 3pa3ku 3
KOHIICHTpAIli€r0 cymimeit < 2 % Maiau He3aIoBLIbHI
MMOKAa3HUKY KOHCUCTEHIIT Ta cMaky (4,2 — 4,5 OaiiB); 3
koHnerpamiero > 3 % (mms CKIAl) ta> 2% (s
CKJ12) — ne3anoBinbHUi cMak (4,6 6amiB).

BucHoBKH

TakuM YMHOM, aHAIITHYHO Ta EKCIICPHUMEHTANb-
HO moBeneHo, mo BukopucraHHs CKJl BmmBae Ha
OTB Ta crioXuBHI XapaKTepUCTUKNA M SICHUX HamiBda-
OpmkaTiB, a camMe JO3BOJIsSIE 3OUTBIINTH  BOJIO-
ro3B’si3yl04y 34aTHICTh, 3HU3UTH BTPATH MiJx Yac 3a-
MOpPOXKYBaHHsI Ta TemIoBoi 00poOku. BcraHoBneHo
BupakeHnid nozutuBHuid BB CKJI npu 30inbiieHH1
iX KOHIIEHTpaIlii Ha MOKA3HHUKH, [0 JOCITIKYBaJIHCh.
3 ypaxyBaHHSIM MPOBEACHUX IOCIIMKEHb BHU3HAYCHO
palioHaIbHy KOHICHTPAII0 CyMIillIed y CKIaji 3aMo-
POXEHMX M'SICHUX IOCIdeHHX HamiB(aOpukariB — 2 —
3% (CKAO1) ta 2 % (CK2). Bukopucranas CKJ] B
JaHUX KOHLEHTPALISIX JO3BOJIUTH OJEPIKATH IIUPOKUHA
ACOPTHMEHT 3aMOPOKEHHUX M SICHHX ITOCIYE€HHX HaIliB-
(habpukaTtiB 3 Bucokumu @TB Ta opraHoONENTHIHUMHA
BJIACTUBOCTSIMH, SIKI MalOTh CTaJll MOKA3HHMKHU SIKOCTI B
IUKJI 3aMOPO’KyBaHHA-PO3MOPOKYBAHHS.
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