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Pospobnenuii cnoci6 xonmponio KoHyeHmpayii no8epxHe8o-aKMUBHUX PeyosUH Y 800HUX Cepedo8ULLAX
MEMOOOM RYIAbCYIOHU020 MEHICKA 3a PIBHOBANCHUM NoBepXHesuMo Hamsaeom. Cymuicms Memoody nonaeac 8
momy, wo, WISAXOM APSAMOL | 360pOMHOL NOOAYL 2a3y Yy MEHICK pednizyemvbCsi npoyec nyabCayii MeHicka 6
OKOJli MAKCUMANbHO20 MUCKY 8 HbOMY, 3HAYEHHS K020 OOHO3HAYHO GU3HAYAE NOBEPXHEGUL Hamse Ha
KOHCHOMY yukii. Modsxcnugicms peanizayii 3anponoHo8ano2o Memooy meopemuiHo 00TIPYHMOBAHO ULTAXOM
PO3pOONeHHA MAMeMamuyHoi MoOeni npoyecy nyabcayii MeHicKa 6 OKOMi MAKCUMATIbHO20 MUCKY Y HbOMY.
Ha ocHosi excnepumenmanvHux O00CHIONCeHb OMPUMAHI KATIOPYBANbHI 3ANeHCHOCMI O/ BU3HAYEHHS.
KOHYeHmpayii No8epxXHe8o-aKmugHUX peyo8UH y B0OHUX PO3YUHAX 30 3HAYEHHAM PIBHOBAINCHO20
Nno6epxXHe8020 HamA2Yy. 3anpononosano cmpykmypHy cxemy i po3pooaeno npunao BKPT1 0ns eusnauenns
PIBHOBAICHO20 NOBEPXHEB020 HAMSAZY | KOHMPOIIO KOHYSHMPAYIi NOBEPXHEEO-AKMUBHUX PEUOBUH Y BOOHUX
cepeoosuwax. Ilpusedeni pesyrbmamu radbopamoprux i Hamypuux eunpobysansv npuiady BKPI1, saki
niomeepounu o020 Npaye30amuicmes i MONCIUBICMb BUKOPUCHAHHA OJisl KOHMPOIO KOHYEHMpPayii
N06EPXHEBO-AKINUGHT PEYOBUH VY BOOHUX POZUUHAX PIZHUX MEXHOIOIYHUX NPOYECIE.

Knrouosi cnosa: nosepxnego!lakmugna peuosuna, KOHUeHMpayis, NOGEpXHesull Hamsaz, NPUiaod, KOHMpOoJb,
B00HULL PO3UUH.

Paspaboman cnoco6 xonmponss KoHyewmpayuu nOEEePXHOCHO-AKMUBHLIX BEWecms y GOOHbIX Cpedax
MEMOOOM NYILCUPYIOUe20 MEHUCKA NO PIGHOBANCHOMY HOBEPXHOCMHOMY Hamsicenuio. Cyunocms
Memooa 3aKmo4aemcs 8 mom, 4mo nymem Npsamol u 00pamHol noodadu 2asa 6 ny3vlipex, peanu3yemcs
npoyecc NyrbCcayult MEHUCKa 6 OKPeCHHOCU MAKCUMANbHO20 OAaGleHus 6 HeM, 3HaueHue KOmopozo
O0OHO3HAYHO onpeodensien NOGEePXHOCMHOe HAMSJICEHUEe HA Kancoom yukie. Bozmooicnocmo peanusayuu
NPeONoNCeHH020 Memoda meopemuyecky 000CHOBAHA NymeM paspadomKu Mamemamuyeckol mooenu
npoyecca NyIbcayuu NY3bIPbKA 8 OKPECMHOCMU MAKCUMANbHO20 Oaenenus 6 Hem. Ha ochose
IKCHEPUMEHMATbHBIX — UCCTIe008AHULL  NOAYYEHbl  KATUOPOBOUHbIE  3ABUCUMOCU  ONs1  ONPeOeneHUs.
KOHYeHmpayuu Nno8epPXHOCMHO-AKMUBHBIX GeujeCms )y 600HbIX Cpedax No 3HAYEHUI0 NOBEPXHOCMHO2O0
Hamsocenuss. Ilpeonoosiceno cmpykmypuyto cxemy u pazpaboman npubop BKPO1 oOns xoumpons
KOHYenmpayuu no8epxXHOCMHO-AKMUBHbIX Geujecms ) 8oOuwlx cpedax. Ilpugedenvi pesyavmamul
A1a00pamopuulx U Hamypuelx ucneimaunuii npudbopa BKPU1l, xomopwie noomeepounu  ezo
PabomocnocobHOCmb U BO3MOJNCHOCL  UCNONL3068ANHUS  OJil KOHMPOJA KOHYEHmpayuu y GOOHbIX
PAacmeopax nosepxHOCMHO-AKMUGHbLE 8euecmea OJisl PA3TUYHBIX MEXHOA0SUYECKUX NPOYeCccos.

Kniouesvie cnosa: nogepxnocmuollakmugnoe seuecmseo, KOHYeHMpayusi, NOSEPXHOCMHOe HAmsiCeHue,
npubop, KOHMPOb, BOOHBLU PACMEOD.

The thesis developed a way to control the conceatraf surfactants on the dynamic surface tensian.
implement this method, a method for determiningetiiglibrium surface tension for maximum pressutre o
the meniscus in a pulsating gas meniscus is prapodee essence of the method is that by the chrett
reverse flow of gas in the meniscus, the procebgiof) implemented in the vicinity of the menisqusle
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maximum pressure value that uniquely identifiessiingace tension of each cycle. The effect is tifeat
bubble, with each cycle, doesn’t slam after pastiiegmaximum pressure and transit to a new stetadg s
of equilibrium, i.e., adsorption of surfactantsdsthe same surface of the interface. The postsitili
implementing the proposed method is theoreticalltified by developing a mathematical model of the
process of meniscus pulsation in the vicinity okimam pressure in a closed system with respedido t
number of gas phase. On the basis of experimemtalies were provided working relationships for
determining the concentration of surfactants in @ows solutions by the value of the surface ten€un.
the basis of theoretical studies was offered albldiegram of the device and is designed to corttrel
concentration of surface-active substances in tdgevironments. Was achieved metrological analykis
the developed device. Was done the laboratory il testing of the developed device, which corddm
its efficiency and ability to be used for contnaf/iof concentration in solutions for different pess fluids,

where surface-active substances are used.

Keywords: surfactant, concentration, surface tensievice control, aqueous solution.

IMoBepxueBo-aktuBHi peuoBurn ([TAP) [1 me
XIMIYHI PEYOBWHH, SIKi 3HIKYIOTh ITOBEPXHEBHM
marar (ITH) piguam Ha Mexi posminy ¢as pimuHa-
ra3, piouHa-piauHa,  piAMHA-TBEpAE  TiJIO.
Monekymu IIAP KOHIICHTPYIOTBCS MO €0
MOJIEKYJISIpHUX CHII (aIcopOyIOThCS) Ha IOBEPXHi
po3niny ¢as3 i 3HWKYIOTh TOBEPXHEBY CHEPTIIO.

Y 2011 poui 3aranbHuil 00’€M BUPOOHHUITBA
ITAP cknaB 6ins 20 MiIbHOHIB TOH 1 3@ IIPOTHO3aMHU
y MailOyTHBOMY KIiJIBKICTH iX BHUpPOOHHUITBa
IOpiYHO 30iibITyBaTUMEThCS Ha 6,1% [1].

ITAP [J me 3a3Buyaii amdidinpHi opraHidHi
CIOJYKH, SKI MICTATh SK TiAPOQINbHI IPyIH
(«xBOCTH»), TaK i TiApooOHI rpynu («KTOJOBKU»).
UYepe3 Taky OynoBYy BOHHM PO3YHMHSIOTBCS 5K Y
HETOJISIPHAX JKUpax 1 OpPraHiYHWX PO3YMHHUKAX,

TaK iy BOJ.

[TAP 3Haliumy BUKOPUCTAHHS Yy XiMiuHIH 1
HaQTOXIMIYHIH TIPOMHUCIIOBOCTI, B
arporpoMHCIOBOMy  Kommuiekci [2, 3], mms

HiBUILCHHS BUIOOYTKY KOPUCHUX KomainuH [4],
IpY BUPOOHMIITBI KOCMETHYHMX Ipenaparis [5, 6],
Ta B pAAi IHIIMX TEXHOJOTiYHMX Mporecax. Ix
3aCTOCOBYIOTH JUIS Pi3HUX IIUICH: B IKOCTI MHUFOUHUX
arenTis [7], mns cTabimizamii JUCIIEPCHUX CHCTEM —
eMyJNbCil, TMiH, CYCIEH3ild, I TOHWKCHHS
MIIIHOCTI TIOBEpXHI OOPOOIIOBAaHMX MaTepiais,
¢dnoramii [8], mIA MOKPUTTSA MMOBEPXOHb 3 METOIO
rizpodoodizanii npu HadToBUHOOYTKY [9], sK
KOMITOHEHTH T1IpOi30/SLiifHUX 1 aHTHKOPO3iHHUX
MTOKPHUTTIB.

INupokuit  cnektp  3actocyBanHHs  [IAP
CIOpUYMHSE HETaTWBHY [il0 IX Ha EKOJOoTilo i
opraHizm JIFOTUHU. 3HauHy YaCTUHY
AHTPOIIOTEHHOTO0 HABAHTA)KCHHS, IO MPHIIAJIae Ha
MTOBEPXHEB1 BOJIHI 00'€KTH, CKJIAIAIOTh CTIYHI BOH,
mo wMictare cuHTeThyHi IIAP, gKi BXOOATH OO

CKIagy Yycix rocmojapchko [J moOyToBHX i
OUTBIIIOCTI  MPOMHUCIOBHX  CTiyHHX  Box.  Lli
MOKa3HUKH MOBHHHI KOHTPOJFOBATUCS
3akoHoaBcTBoM [10]. Iorpamnstoun y Bomoiimu,
I[TAP aktmBHO OepyTh y4YacTh B Iporecax
TIePEPO3MOILTY i Tpancdopmarii THITIX
3a0pYAHIOIOYMX PEYOBMH (TaKMX, SK XJIOpodoc,
aHTIH, [IWHK, 31130, OyTUIaKpiIaT, KaHIEPOTCHHI
PEUOBHHM, TECTUIUIN, HAPTONPOMYKTH, BAXKKI
METaJU Ta iH.), aKTUBI3YIOYH X TOKCHYHY Mif0.

Binpmwiicte IIAP 1 mnpomyktu ix posmanmy
TOKCWYHI s pisHMX Tpym rigpobGionTie [11]:
mikpooprasizmis (0,8 — 4,0vr/am°), Bomopocreit Ta
BozHOi (uopu (0,5 — 6,0mr/am°), GesxpeberHux
(0,01 - 0,9\/{F//:[M3) HaBIiTh B MaJIUX KOHIIEHTPAIIisX,
ocobnmmBOo mpu  XpoHiuHiK mii. IIAP 3gaTHi
HaKOMUYyBaTUCS B OpraHi3Mi 1 BHUKJIHMKaTd
0e31moBOPOTHI NaToJorivyni 3minu [12,13].

Takum 9uHOM KOHTpONb KOHIeHTpamii [TAP y
BOJHUX CEPEIOBHUINAX BIiMlirpac BaXKIMBY pOJIbh HE
JUIIEHb TPH X BUKWALI Yy CTIYHI BOAM, a 1 IpH
BupobnmnTBi  IIAP, Bukopucramui ix vy
TEXHOJIOTIYHHX TMpoIecax, OYHUIICHHI BOIOWM
tomo. ['pannuno pomyctuma xonnentpauis (I'JIK)
ITAP y Boxi Bopoiim Ykpainu ckiamae O,5MF/Z[M3, a
neionorennnx — 0,1 mr/nm°. KonTponem BMmicty
[TAP y BomHUX cepeqoBHILAX YKpaiHU 3aiMa€eThCs
JIep>KaBHA CKOJIOTIYHA 1HCHEKIlis, 3iHCHIOI0YN
XIMIYHUH aHaTi3 BOJHOI ITPOOH.

[IH € BaXIMBMM mapaMeTpoM HE TUTBKH TIPH

Bu3HaueHi  koHmeHrtpanii I[IAP y BomgHOMY
CEepeloBHUII, ajge 1 TpH po3poOJICHHI PO3YMHIB
I[TAP HeoOXimHOI KOHIGHTpAIlii ISl  PI3HHUX

TEXHOJIOTIYHUX mporecis [14,15].

Ha nanwuii yac icHyIOTb pi3Hi METOIM KOHTPOIIIO
koHmentparii  [IAP  BomHuX  cepemoBHINAX.
Haiimomupenimnmu 3 HUX € (QoTOMETpHUYHHH,
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xpomatorpadiyHuii 1 XIMIYHHE A7 SKICHOTO
aHajizy, BU3HaueHHs KoHIeHTpamii [IAP y Bogamnx
CepeIOBUINAX 33 3HAYCHHSIM MMOBEPXHEBOT'O HATATY
(s Manux KOHLEHTpAIii) Ta eIeKTpUYHUi (is
BEJIMKUX KOHIICHTPAIiH) /151 KiNbKICHOTO.
DOTOMETPUUHHUIM METOJ € JOCUTh TOYHUM, aje
BiH TOTpedy€e TOPOTOro i TOYHOTO YCTAaTKYBaHHS 1
XIMIYHMX peareHTiB, a TaKkoX 3a0e3MeUeHHs
7a00paTOPHUX YMOB IJISl TIPOBEICHHS BUMIPIOBAHb

[15].

XpomarorpadiuHuii  METOA €  JIOCTaTHBO
TOYHUM, TIOXMOKa BU3HAYCHHS KOHIICHTPAILi
craHoBuTh 5-10%, aje BiH nOpuUOaATHUHA IS

JOCITiPKeHHS TUTbKY fesikux BuliB [TAP i moTpeOye
JIOpOTOro 1 CKIAQJAHOTO  yCTaTKyBaHHS  Ta
nabopaTopHUX YMOB BuMiproBaHus [17].

XiMIYHHE METON Ma€ BHCOKY TOYHICTH, ajie
MiIXOJAUTh TAaKOX JIMIIEHb JJS  JIOCIHIKCHHS
neskux Bumis ITAP [18].

BuwmiproBanast IIH Bogamx cepemoBumy i3
BMicToM B HuHX [IAP 3xificHIO€TBCS Ha MOBEpXHi
po3niny a3 KOHTpONbOBaHE BOAHE cepeaoBUIE [
MOBITPS, Ha sKy aacopOyroTbcst monekynu [IAP.
IIpouec axcopOrii HE € MUTTEBHM, TOMY YUM
JIOBLIE >KUTTSI TIOBEpXHI po3ainy ¢as, Tum Oinblia
KiUTbKicTh Mosekyn ITAP Bcturae amcopOyBaTucs
Ha Hill. Y BUNIAAKY, KOJU 00 €KTOM JOCTIHKCHHS €
BOJIHI CEpeIOBHINA 3 MiKpOKOHIeHTpamismMu [TAP,
HEOOXITHO 301IBIIATH Yac KUTTS MOBEPXHI PO3ILITY
(a3 o yacy, 3a sIKUi BCTUTHYTH aJcopOyBaTHCs Ha
MOBEpXHIO po3unHy ¢a3 Bci monexynu ITAP. Ilig
yac agcop6uii Mmonekyn ITAP Ha moBepxHIo po3ainy
(a3 3uauenHs [1H 3HmKyeThCs, MOKH HE JOCATAE
CBOTO PIBHOBAXHOTO 3HAYCHHS, IO CBITYUTH TIPO
3aKkiHueHHA mpouecy azacopb6buii. Tomy mpu
nmocmimkeri BMicTy I[TAP y pinuni 3a ITH Heo0xigHO
30uTBITyBaTH Yac BuUMipioBanHs I[IH mo Momenty,
noku [IH He jocarHe CBOTO PiBHOBaXKHOTO
3HAYCHHS.

Cmim TakoXX 3ayBaKWTH, IO IIBUIKICTH
YTBOPEHHsI aIcOPOYIOUOTO MIapy Ha MEXi pO3ALTY
¢a3 pianHa — ra3 3aleXUTh BiJ BUAY 1 NPUPOIU
ITAP. Tax gms cuntetmunnx [IAP Bkaszana
LIBUIKICTH € OUIBIIOKO, HiXk 1S iHmux [TAP.

Orxe Bu3HayYeHHs piBHOBaxxHOro I[IH Ha
OCHOBI pE3yJbTaTiB MOCHIKeHHS auHamiku ITH
MOKe OYyTH 3acCTOCOBaHE ISl BH3HAUEHHS MalluX
koHIeHTpaliii [IAP, Tak sK KOHTpPOJILOBaHUIA
Jliara30H HE YTBOPIOE TPAHUYHOTO BMICTY MOJICKYT
ITAP y moBepxHEBOMY IIapi piUHMA.

Haii6inpm nomupeHuM 3 TUHAMIYHUX METOIIB

BumiptoBanHs ITH piaun 1 po3uuniB ITAP € meron
MaKCUMaJIbHOTO THCKY B Ta30Biid OympOamiri
(MTB), skuii Ha€e MOMKIHBICTD IIPOBOJUTH
BumiptoBanHs [IH B mmpokomy iHTepBami uacy
iCHYBaHHsI TIOBEPXHi po3Aiay (a3 — BiJ ACKUIBKOX
NEeCATHX CeKyHAW 0 JeKiIbKOX TromuH. Jlns
BEIIMKNX YaCOBHX IHTEPBAIIB YTBOPEHHS Ta30BHX
Oynpbamok moTpiOHa crabimizamis THCKY 1
TeMIIepaTypH, pu SKHX HPOBOJIATHCS
BumiproBanus [19]. Ileii Meron mae mOCTaTHBO
BUCOKY  TOYHICTh  BUMIpDIOBaHHS,  JO3BOJISIE
aBTOMATH3yBaTH TIPOILEC BHMIPIOBAHHS, OJIHAK
mmporec  JIOCHiDKeHHs auHamigHoro IIH mae
Oararonmkiniuauil xapakrep. e oqauM HemomikomM
JAHOTO METOAY [UIi BHU3HAYCHHS KOHUEHTpamii
I[TAP 3a 3mavenusMm I[IH € HecTiWKICTh TOBEpXHI

po3miny ¢a3, MmO HE J[03BOJIIE IOBHICTIO
ancopOyBatucs  monekynam [IAP  mig wac
BumiproBanHs I[IH i mocartu piBHOBaskHOTO ITH
[20].

IcHyroui Ha JaHWi Yac METOOM Ta MPHIAAH, SIKi
peanizyrots Metog MTDB, opieHTOBaHI B OCHOBHOMY
Ha J1a0OpaTOpHI YMOBH €KCILIyaTallil, BUMararmTh
Oarato wyacy Uid MiOTOTOBKM 1 TPOBEACHHS
KOXKHOTO aHaji3y, MaloThb BUCOKY BapTiCTh i Majo

NPUAATHI OIS ONEPAaTHBHOTO  E€KOJIOT19HOTO
KOHTPOJIFO 32 CTaHOM BOJHOTO CEpeIOBHIIA
noBkiist  [20].  Tomy  po3poOieHHS  HOBOI

MeToAoJoTii KOHTpodto KoHIieHTpamii I[TAP 3a
muHaMmigyauM IIH, sixka O BiamoBizana TOYHOCTI
BumiptoBanHs [TH meronom MTD i oneparuBHocTi
MeToIy Jexkauoi Kparuii (Bucsdoi OyibOamiku), €
aKTyallbHOIO 3ajauetro. [Ipwnaa, gxkuid TMOBUHEH
peamizyBaTd TaKy METOJOJIOTi0, Mae OyTu
NMOpTaTUBHMUM 1  #oro  MoxHa Oymo 0
BHKOPHUCTOBYBaTH HE TUIBKA y JIaOOpaTOPHHX
ymoBax. Kpim 1poro, 1med mpuiag 1 #Horo
nporpamMHe  3a0e3ledyeHHs HE MawTh OyTu
CKJIaIHUMH Yy BHUKODUCTaHHi, BiH Mae OyTu
YyTAUBAM 10 MiHIMaabHOI 3MIHM KOHIICHTpAIlii
I[TAP y BogHomy cepenoBumii. Bimomo, 1m0
nmapameTpoM, SKMH  TOB's3ye MK co0oro
(izuko[IMexaHIYHI BIACTUBOCTI PIIUH 1 Kamisipa,
Ha HIDKHBOMY TOPII SKOTO YTBOPIOETHCS Ta30Ba

. . 2
OynpOamka, € Oe3po3MipHa KaminsgpHa cTana &

[20+23]:

o
ai=———, (1)
Apgr
Ie C — TIOBEpXHEBHU HATIAT HA MeEXi PO3IiTY

piZ[I/IHa — ras, SIKUH PCaJIbHO MOXKC 3MIHIOBATHUCS B
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niamasoni o =(10...100) 10°H/m; I — BHXizHOTrO
OTBOPY  padiyc  BUMIPIOBAIBHOTO  Kariyispa
(r =0,25; 0,5C; ,00mM ); p — Pi3HHLS IHTOMHX
Mac KOHTakTyrouux (a3 Boanuii pozumn [1AP —
nositps  Ap =10’ H/ M°; g — [PHCKOPEHHS
BUIBHOTO ITaIHHA.

3BigKu:

s r=1,0mm =>a’ =1, a’  =10;

aar=0,5um=a’, =4, a’_ =40, (2

T min

s r=0,25qm=a’ . =16,a* =160

T min

CyTh METOIly IyJILCYFOUOTO MEHICKa MOJISATAE Y
TOMY, IO TIPH BUABIIIOBaHHI Ta30BOi OyJIbOAIIKU
Ha HIDKHBOMY TOPIIi BEPTHKAILHO 3aHYPEHOTO Y
pinuHy Kamiasipa TTicaist TOCSTHEHHS
MaKCUMAaJIbHOTO THUCKY Y MEHICKy Oynp0Oamkw He
JIOTTYCKAaIOTh YTBOPEHHS Ta3oBOi OynpOamku, a
MEHICK TTOBEPTAIOTh MUISIXOM BCMOKTYBAaHHS Ta3y i3
HBOTO Y TIOJIOXKCHHS, SIKE BiH 3aliMaB JO0 MOMEHTY
MaKCHUMaJIbHOTO TUCKY. TakuM YMHOM OJHA 1 Ta K
MOBEPXHSI MEHICKa IyJIbCYE, MPOXOMTIH KOXKHUHU
pa3 cTaH MaKCHMAaJIBHOTO THCKY y Hbomy. Lle nae
MO>KJIUBICTh BBa)KaTH, IO YaC iICHYBaHHS TOBEPXHi
MEHICKa TpPHBAa€ BECh 4YaC — Bl MOMEHTY HOTO
YTBOpEHHsSI /IO  JIOCSATHEHHS  PIBHOB&KHOTO
MOBEPXHEBOT'0 HATATY Ha MOBEepXHi MeHicka. [IH o

B KOXKHHHA i3 MOMEHTIB JOCSATHCHHS
MaKCUMaldbHOTO THUCKY Prax V  TOYJIBCYHOUOMY
MEHICKY pPO3paxoBYKOTh Ha OCHOBI BiJIOMHUX

3aJIEKHOCTER MK O 1 THCKOM Py [21].

Jlns MozenoBaHHS TPOIIECy IMyJbcallii MeHicKka
KauISIpHOT TIOBEpXHi OyIp0aIKy MUISIXOM 3MIHH 11
00'eMy  3ampOITOHOBAHO CIPOIIEHY IMITAIMIHHY
cxemy (pmc. 1), me 300pakeHO TMIpOIEC 3MiHH
00'eMy KarusipHo1 TTOBEPXHi MTUISIXOM
mepeMimeHHs  Iurymkepa. llpw  mepemimmeHHi
IUTyH)Kepa BHHU3 13 TEPBUHHOTO  TOJOXEHHS
(puc. 1,a) rasoea (haza TEPEeXOOUTH i3 CHCTEMH
momadi i GopMye MEHICK 3pOCTarodoro o0 emy
(puc. 1,6). Tlpu 3BOpOTHOMY XOHdi ILIyHXKEpa
HaBITaKW, ra3oBa (aza MHEpexXOoaWTh 3 MEHICKa B
cUCTEeMy Mojadi. 3 TEPMOAWHAMIYHOI TOYKH 30PY
OTMHCAHMUN MPOIEC MOXHA BBAKATH 130TCPMIUHHM,
OCKIJIBKU 00'eM OyJIBOAIIKN 3HEBAXKIMBO MaIHi 110
BiJTHOIIICHHIO JI0 00’ €My pPiJMHU, a TEIUIOEMHICTH
piIVHY 3HAYHO OLNBINA Bifl TEIIOEMHOCTI Ta30BO1

¢da3u. Kpim TOro, i3-3a BKa3aHHX BHUIIE YMOB,
MPUITYCKAETHCS, IO MPOIIEC € PIBHOBAKHUM.

. .
v

P.+P.

Vo,P.

Pucynoxk 2 —IIpouec ¢popMyBaHHSA MeHiCKa HA
HUKHBOMY TOPIi Kamijisipa

BaxxiauBuMm 11 MOAANBIIMX MIPKYBaHb € Te, 10
cucTeMa "KaMmepa —MEHICK" € 3aMKHYTOIO BiTHOCHO
SIKICHOTO 1 KUJIbKICHOT'O CKJIIany ra3oBoi ¢asu. Togi,
BUXOJITYM 3 PIBHSHHS CTaHy i1/eajdbHOrO rasy,
MOXKHa BBaxaTw, mo PV =cons i mporec pocry
00’eMy MeHICKa MOXXHA OIUCATH 3a JOMOMOTOIO
3aJI€3KHOCTI:

(P.. tApghV,=(R, + P+ 3)
+Apgh)(V, —AV+V),
ae P~ — armochepuuii tuek; h — rimGuna
3aHypeHHs Kaminsgpa; Vo — TNoYaTkoBwid 00'eM

3aMKHYTOi cuctemu; P, — Thck, ooymonnenuii [1H;
AV — 3miHa 00'eMy CHCTEMH TOJa4i 3a pPaxyHOK
pyxy nopiras; V —o00'eM Ta30BOro MeHicKa.

VY (3) miBa yacTMHa BIINOBia€ MEPBUHHOMY
CTaHy 3TigHO pHC. 1,a, a TpaBa TEKY4OMY CTaHY
3rigHo puc. 1,6.

OCKiNbKH TiApOCTaTHYHUN THUCK CTOBIA PiIHHU
Apgh € cTanuM i 3HEBaKIMBO MAJIUM Yy TIOPiBHAHHI

3 aTMOC(l)epHI/IM THCKOM PaTM , 40 TOT'O X BXOAUTH B

Mexi Bapiawii P, T0 y (3) HUM MOXHa
3HEXTyBaTH. 1Ol 3aJIEKHICTh 00'eMy OyimbOariku
V Big 3MmiHu 06’emy cucrtemu momadi AV Oyme

TaKOIO:

P
V(AV) = AV -V —2——- (4)
P, + F5 (V)

Tyt 3anuc Pc(\/ ) aKIEHTye yBary Ha TOMy, IO
THCK y MeHIicKy € ¢QyHKIietlo Horo 00 emy.
Bignosigai rpadiumi 3ameknocti  (puc. 2) y
Ge3posmipHiit  ¢opmi P (V,) a1t 3HaYCHDB ar2
srigHo (2) € pe3ynbTaTaMd MOJICITIOBAHHS POCTY
MeHicka. Ha puc. 2, ssk npukian, HaBeaeHi rpadiku
P (V,) ans Bumanky [ =Imm.
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PucyHok 2 —3ajie:kHOCTi IPUBEIEHUX 3HAYEHD
THCKY Bi1 00’ emy P (V.), ne

P =R/bpgr, V=V 7

3anexHicts V (AV) OTpUMYIOTH Ha OCHOBI (4)

Yy YUCCIILHOMY BI/IFJ'IﬂI[i, MNpuiYoMy BOHa BH3HAYaA€

nporiec  GopMyBaHHS MEHICKa TIpH  3aJlaHUX
3HAYCHHSX BUXIJTHUX ITapaMeTpiB, a came:
— KamusIpHOI  CTaiol arz, sSKa BIIMOBITAE

sgayenHro ITH 1 Bu3Havyae BUI 3aJIEKHOCTI P (V);
— TI0YaTKOBOT'O 00’ €My CHCTEMU Tofadi V, s O,
pas’oM 3 IOYATKOBUM THCKOM P, OLOCEPEAKOBAHO

BIJIITOBIIa€ TIOYATKOBOMY 3amacy €Heprii CHCTEMH;

— paaiyca kaminspa I, sikuil € MaciTaOyrounum
€JIEMEHTOM XapaKTepUCTUK MEHICKa.

Jlis y3aranbHEHHS pe3yJbTaTiB TEOPETUIHUX
JMOCITIDKEHHS y SKOCTI IOYaTKOBOTO 00 €My
cucreMu \/, OepyTs 06’em 3 KpaTHicTiO K 00’ €emy
MeHiCKa VB MOMEHT MaKCHMAalbHOIO THCKY B
HBOMY, TOOTO Vy = kV,,-

Ha puc. 3 HaBeieHi pe3ysbTaTH MOJICITIOBAHHS
MOXXJIUBHX CTaHIB 00’emy MeHicka V Bing 3MiHU
00'emy cucremu momaui AV srigno (4) npm
r=1mm i a_r2 =1, mo Bignosinae 3HadeHHsM [TH
0=10x10°H/M Ta pisHMM 3HAYCHHAM
MMOYAaTKOBOTO 00’ €My Vo =KV, I'opuzonTansHa
JiHiS BiAmoBizae o00’€My MeEHICKa B MOMEHT

MaKCUMAJIBHOTO THCKY Vm = 3,949MM3, BEPXHE
oomexenns |V

o0’'emoM  JUIA

V.. =13113wm°.

BHU3HAYA€THCA MaKCHUMAaJIbHO

MOKJINBUM ar2 =1,

3a1aHOT0
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Puynok 3 —3ajexHocTi 00’ eMmy MeHicka V Bix
3MiHH 00’ eMy cucTemMu moaavi AV npu
3HAYEHHSX MOBEPXHEBOT0 HATHATY, 1[0

BianosinaoTe a3’ =1

SIkicHUIT aHaM3 3aJIEKHOCTEN V(AV) 3r1IHO
puc. 3 mokasye, mo:

— MPU BUTHCKYBaHHI MEHICKa, HE3QJICKHO Bill
BEIMYMHM [0YaTKOBOTO 00'eMy cuCTeMU V),

mepexij; yepe3 MaKCUMalbHHIA THCK, BiOYBa€ThCS
mtaBHo (0e3 CTpHOKIB);

npu  30inbIIeHH]

MOYATKOBOTO 00’ eMy
CHUCTEMH [Tl JOCATHEHHS MAaKCHMAlbHOTO THCKY

P HeoOXiZlHa 3HayHa 3MiHa 00’€My CHCTEMH

max
AV, 1mo npuBOAMTE 10 3pPOCTAHHA  Yacy
JIOCSATHECHHS Pmax,

— mpu 30UTBIIICHHI TIOYaTKOBOTO 00 €My
cuCcTeMH MaKCUMaJIbHUK 00 €M iCHYBaHHS

CTIMKOI ~ KamiiApHOi  TOBEPXHI  3MEHIIYETHCS
(cymineHi miHii), a MEPErHH XapaKTEPUCTHK MPIMYE

710 3HaYCHHS V/, TOOTO Biapasy MiCIis JOCATHCHHS

MaKCHUMaJbHOTO THCKY y MEHICKY YTBOPIOETHCS
OynpOarka, sika 3pUBAEThCS. PeallbHi 3a1eKHOCTI,
IO BIAMNOBIJAIOTh CTIMKUM

cTaHaM MEHICKA,
3HAXOJIATHCS JI0 MIEPETHHY.

Ha puc. 4 HaBeneHHWil TpuUKIan pe3yJabTaTiB
MOJICITIOBAHHS MOKJIMBUX CTaHIB 00'emy V Bin
3MiHu 00’ eMy cuctemu AV 3rigHo (4) 1as 3HaYeHHS
a’ =10, 10 BInIE: BiamoBinae
0 =100x 10°H/m . 'opu3oHTaNBEHA JiHIS BiANOBimae
00’ eMy MEHICKa B MOMEHT MaKCHMAaJbHOT'O THCKY

V,, =2,205um°, BEPXHE obomexennst 00’ emy V s

r =1lmm

arz =10 CTAaHOBHTb V__ =91, 67’
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Pucynok 4 —3aye:kHocTi 00’ emy MeHicka V Big
3MiHH 00 €My cucTeMH mofadi AV 3HaYeHb
NMOBEPXHEBOr0 HATATY, 110 BiANOBiAaIOTH

a>=10

SIkicHUI aHai3 3ajIeXKHOCTEHR V(AV) 3T1IHO

puc. 4 nokasye, mo:
— MpU HE3HAYHHX 3HAYCHHSX TOYATKOBUX
o6'emax cucremn V, (k<5000) 3aneKHiCTH

V(AV) OJHO3HA4YHa, Hepexiz[ yepe3 MaKCUMaIbHUN
Tack P BinOysaerbes miasHO (Oe3 cTpuOKiB);

30LIBIIEHH]
CUCTEMHU Vo

e 1)
00’ eMiB

3HAYEHb ITOYATKOBHX
(5000< k < 3500()
CITOCTEPITa€ThCS TPU3HAYHICTH 3aJICKHOCTI V(AV),
[0 TIPUBOJUTH JI0 TIPOSIBY SIBUIIA TiCTEPE3UCY, B
MOMEHT JIOCSITHEHHS MaKCUMaJIbHOTO THUCKY 00 €M
Oynp0anTky cTprOKOIOIOHO 3POCTAE, a THCK B Hii
CTpUOKOIIOAIOHO TTafac;
— TP BEJTMKUX 3HAYCHHSIX ITOYATKOBOTO 00’ EMY
cuctemu \,, (k>3500() wenick micns

TIPOXOJKCHHS MaKCHUMaJIbHOTO THUCKY
3aXJIOMYETLCS, TOOTO WOTO iICHYBaHHS HEMOJXKIIHBE,
o0 00YMOBJICHO HAsBHICTIO BEPXHBOI MEXi 00’ €My

2 _ _ 3
(ma @ =10V, = 9167 7mm°).
Ha puc. 5 HaBegeHo ¢parMeHT 3aleXKHOCTI
V(AV) 3 BEpa)XeHUM BUTMHOM i BilNOBiaHa iomy

Bi3yalizallisi TOJIO)KeHh 00'€My MEHICKa s
V=25000, mo mosicHioe mporec ricrepesucy. [Ipu
BUTHCKYBaHHI razy o00'€M MeEHICKa 3pocTae y
HanpsMi 1-2. VY touri 2 BinOyBaeTbes nepexin 2-3,
TOOTO CTpHOKOMOAiIOHMI picT 00'eMy MeHicKa.
Hacrynna mnopmawya ra3y mNOpUBOAMTH 1O pOCTY
MeHicKa y HanpsMi 3-4. 3BOPOTHIN XiJ] MOPILHS Bij
ToukH 4 BimOyBaeThes 1o nuiaxy 4-3-5.VY rtoumi 5
BiOyBa€eThCs Pi3Ke 3MEHIIEHHs 00'eMy MEHICKa T10
HarpsaMKy 5-6. [Ipn mnomanpmioMy 3MEHIIEHHIO
06'eMy cucteMu (BTATYBaHHS Tasy) HpOILEC He 1Mo
msixy  6-1. Ilpm  puxoniyHOMYy — mporueci

BUTUCKYBaHHS [| BTITyBaHHS BiZOyBa€eThCA
BHpaXeHUH  eeKT  TicTepe3ncy I0  BCiX
XapakTeprUCTHKaM MeHicka (00’ €My, THCKY, IUTOII
noBepxHi Tomo). [lpuyomy ammiityma mnerdi
ricrepesucy 3aI€XKHUTh Bif paniyca
BUMIPIOBAJILHOTO KaIliJIsIpa, MOYaTKOBOTO 00 €My
cucteMu nonadi ra3y i [TH mocmimKkyBaHoi piTuHU.

v

3MiHa 06'eMy MeHicka
s i3

4

ABMLLEM ricTepesncy

av

a) 0)

Pucynok 5 —3anesxkHicTs 3MiHN 00' €My
Oyap0amKu Bix 3MiHH 00’ €My cucTeMH moaayi
razy (3pocranss 1-2-3-4,cnax 4-3-5-6-1)

Hns imitamii mpomecy mynbcamii MeHicka 3
pPO3rOpTKOI0 ¥ dYaci (MIBHAKICTH TOAauyi 00 eMy
AV ¢ nocriitHoI0) IUISXOM CIUTAiH anpoKCHMAIii
3 ypaxyBaHHSIM TicTepe3ucy Oyjo 3AiiCHEHO
NpPUBEACHHS BCIX XapaKTepUCTHK MEHICKa J0
piBHOMIpHOT quckperu3arii mo AV.

ImiTartis 9acoBOi 3aJeXHOCTI THUCKY 1 HepIroi
moximHoi THCKy (3 OOepHEHMM 3HAKOM) Y
MyJIbCYIOUOMY MEHICKY HaBeneHi Ha puc. 6,a. Y
JTAHOMY BHUTQJIKy PEKUM TYJIbCAIlil BU3HAYAETHCS
peBepcoM  Tomadi  IMOBITPSA y  MOMCHTH
cTpuOkonoAiOHOi 3MiHM THCKY Yy  MEHICKY.
BiamoBigHICT Mik XapaKTEPUCTHKOIO V(AV)

meTii ricrepesucy (puc. 5)1 3MiHE THCKY Y MEHICKY
Ha repioxi mynscanii (puc. 6) BigcaiakoByeThes 3a
HOMEpaMH XapaKTepPHUX TOYOK KpHMBUX. Tak Ha
iHTepBajax 6 — 2 3MIMCHIOETHCS Mo1avya MOBITPS, a
Ha iHTepBanax 3 — 5 BCMOKTYBaHHS, BIAMOBITHUI
peBepc Bil0yBaeThCs B TOUKax 31 6.

Pesynprat  ¢izuunoi peamizamii omrcaHoro
pexuMy Tyibcamii THCKY y OympOamiii Ta #oro
MoXiaHOT HaBeaeHI Ha puc. 6,6. O4yeBHaHA sSKiCHA
MOJIOHICTh YAaCOBUX XapaKTEPUCTUK OTPHUMaHHUX
EKCIIEpUMCHTAILHO 1 B Pe3yNIbTaTi MAaTEMaTHIHOTO
MOJICJIIOBAaHHS, 10 TOBOPUTH IPO aJeKBATHICTh
po3pobiieHoi Mozenmi. 3aKpyrieHoCTi 1 37I0MH Ha
EKCIICpUMEHTANBHIN XapaKTEepUCTHLII 00yMOBIECHI
HETEPMETHYHICTIO CHCTEMH II0Jadi, HAaSIBHICTIO
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MEpTBOi 30HM TpH peBepci  mopayi
IHEePITIHHICTIO CHCTEMH TOIIIO.
OmnucaHnid peXUM TyJibcallii € OCHOBHUM

peXUMOM pOOOTH TpUiIangy, L0 peaji3ye METOA

rasy,

MyJIBCYHOUYOTO MEHiCKa npu BU3HAYCHHI
muaamigaoro ITH. Ilpwm #oro peamizarmii y cucremi
YIIpaBITIHHS MIPOIIECOM BHUMIpPIOBaHHS

iHpopMaLifHIM CHUTHAJOM € LIBHIKICTh 3MiHU
THCKY, TOOTO TIepIa MmoxXigHa Mo THCKY y Jaci. Sk
BHAHO 3 Xxapakrepuctuk (puc. 6) ammrityma
CUTHAJIIB IMITYJIbCIB TIOX1THOT JOOpe BUpa)KeHa, 1o
JIla€ MOXJIMBICTh 1X BHUKOPHUCTaHHSA Yy KOHTYpI
VIPABIIHHS MPOIECOM JOCIIKEHHS JHHAMITHOTO

IMH posumnie [IAP wMeromoM myIbCYHOUOTO
MEHiCKa.
CrpykrypHa cxema npwiaxy BKP-1  mis

mocmmkenas IIH mpexcraBmena Ha puc. 7 1
MICTHTH HACTYITHI OIMHUIII Ta BY3IIH,
KOHCTPYKTHBHI XapaKTePUCTHUKU SKHUX 0a3yOThCS
Ha PEKOMEH/AIISMX, BKa3aHUX PaHIIIe:

25

180 200

120 140 160 180 200 220 t

@) — pe3yibmamu MOOeN08AHH,

P A

| i

N ) R )

20 |
0142250 0142550 0143200 0143450 OL44I00 OLA4350 0145000 05250 OLASS0D OL4G150 OLAG400 OLTOS0 OL4700 0145000

&P
PR s

" _dP/dt

u B

014728 014300 014330 014400 014430 014500 014530 014600  OL4GA0 014700 OL4730 014800

0) pe3yibmamu eKkcnepuMeHmy

Pucynok 6 —YacoBi xapakTepucTHKHU MpoIecy
nyJbcamii MeHicka 3 peBepcoM nogadi B
MOMEHTH CTPUOKONOAiIOHOI 3MIHH THCKY

1 — BuMiprOBaNbHUM Kamimsip 3 HOXKOBUM
TOpLEM, SKHH 3aHypHETbes Yy piauHy 3 i
CIOJy4EHHH i3 CUCTEMOIO MoJadi MOBITPs 1 OAHUM
13 TUTIY JUQepeHiaJbHOTo JaBada TUCKY 4;

2 —TigpOCTaTUYHHWIA KOMIICHCATOP THCKY 3
NMIHPOKUM TOPIEM, SIKHI 3aHYPIOEThCS B PiAMHY 3
Ha OJHAKOBY TJIMOMHY 3 KamisspoM 1 1 criofrydeHui
i3 TOPOTWICKHHM IUIeYeM JUQepeHliaIbHOro
JaBava TUCKY 4;

3 —I0oCIiKyBaHe BOJTHE CEPEJIOBUIIIS;

4 — nmudepeHHmitHMI maBad THCKY, SKUH

BUMIpIO€ pi3HMLI THUCKiB Yy Kamimipi 1 i
rAPOCTaATUYHOMY KOMIICHCATOPI TUCKY 2;
5 — Tepmomerp omopy, SKWHH BHMIPIOE

Temneparypy piavHu 3 1 CIyXUTb IS KOpPEKLii
pe3ynbTaTiB BuMiproBanss [1H o Temmepatypi;

6 — By3o) mozadi MOBITPs, SKHH 3MIHCHIOE
nogady MOBITpA B Kamisip 1 numaxom
MOCTYMAJIBHOTO  TEepeMillleHH  IUIyHXepa Y
MITIPHIICBIH CUCTEMI,

7 — MexaHI3M TepeMIIeHHs TUTYH)Kepa By3ia
mo1avi moBiTps;

8 — 6ok oominy manumu NI USB-6009,sxuii
3'ennanuii 4yepe3 USB L[] mopT 3 mepCOHaIbHHM
KoMmm'iorepoM 9 1 TpU3HAUYeHUH i1 0OpoOKu
curHaniB audepeHuiiHOro pgaBaya THCKY 4,
TEpMOMETpa OMOpY S Ta KEpPyBaHHSAM IPOIECOM
BUMIpIOBaHHs (3aIlyCKOM Ta pPEBEPCOM MeEXaHi3M
nepeMilleHHs TUTyH)Xepa 7);

9 —nepcoHaIbHHUN KOMIITOTED.

2
3 N

B G N

Pucynok 7 —CTpyKTypHa cxeMa NpUaaxy
BKP-1

3oBHimHINA Burasax npwiaxy BKP-1, sxkwii
peanizye MeTOZ MyJNbCyIOUOro MeEHicka 1 Horo
OKpEeMHUX BY3JiB HaBeieHi Ha puc. 8, me 1 —
BUMIPIOBaJIbHUN ~ Kamiyisip, 2 — KOMIIEHCATOP
TiIPpOCTaTUYHOTO THCKY, 3 — TIOCYAWHA 3
JIOCTIDKYBaHOW pianHOI0, 4 — audepeHIiiHui
naBad TUCKY, 5 —IITylep NMpOayBKHU Karmijisapa, 6 —
KoMIT' 1oTep, 7 —070K 300py 1 00poOKHM TaHUX.
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Pucynok 8 —3oBHimmniii Burasa npuwiaxy BKP-1

3ammyck i ympaBIliHHS TPOIIECOM BUMIipIOBaHHS
ITH 3a gonomoroto npunaxy BKP 11 3aiiicHIOeThCS
3 EOM uepe3 6ok 06miny nanumu NI USB-6009,
10 peasti3yeThesi HACTYITHUM YHHOM (1uB. puc. 6).

Komanja BKITIOUCHHSI MEXaHI3MY TIepeMileHHS
IUTyH)Kepa 7 TPUBOAUTH 0 TOCTYHNAIBHOTO PYXYy
By3na mojaui 6, B pe3ynbTaTi dYOro TOBITPsA
HAAXOJUTh y Kamijisip 1, yTBOpIOIOYH Ha Horo Topii
razoBuii MeHick. JludepeHuiitnuii naBau THCKy 4
peECTPYE 3MiHY Pi3HUIN THCKIB Y CEpEIUHI MEHICKa
i kommencaropi (mepexin 6-2, puc. 6).

ITicns mOCATHEHHS MaKCHMAlbHOTO THUCKY Y
MEHICKY BiOyBaeTbcs #oro cTpuOKomoaioHe
nmaginas  (mepexix 2-3), mo ¢ikcye mporpama
VIpaBIiHHS 1 JIa€ KOMaHAy Ha 3araM’ STOBYBaHHS
MaKCHMaJIBHOTO TUCKY P Ta Ha peBepc ABUIyHa.

B pe3ynbTati miyHxep 3MIiHIOE HAPSIMOK PyXy
1 3IIACHIOETHCS TIPOIIEC BiJICMOKTYBAaHHS Ta3y 3
MEHiCKa (mepexin 3-5) 1o MOMEHTY
CTpUOKOMOIOHOTO 3pPOCTaHHS TUCKY Y MeEHicKa
(mepexin 5-6), mo (ikcyeTbes  MPOrpaMoro
ynpasninHas. [licis mporo ms mporpama 3HOBY J1a€
KOMaHJIy Ha peBepc JIBUTYHa, TOOTO TpoIiec
MOBTOPIOETBCS. BH3HaualpHUM € Te, IO TpHU
MMOBTOPCHHI TAaKMX IMKJIIB BUMIPIOBAHHS MTOBEPXHS
po3miny a3 pinuHa-ra3 3aTUIIAETHCS OJHIEID U
tieto k. ToOtro mnpomec ancopbuii ITAP He
MPUITUHIETHCS 1 KOKHE HACTYIHE BHMIPIOBAHHS

P A0 HACTaHHS DIBHOBaru BiNOYBa€TbCs HpPH

MeHmmoMy 3HaveHHi [TH, o BijmoBigae muHaMiIl
I[MH B pesynbrari ancop6iuii [TAP Ha moBepxHIO
MeHICKa.

Bynu nposezeni naboparopHi gociimkenHs [TH
YUCTUX PIOUH (IMCTUIBOBaHA BOJAA, CTUIIOBHUI
CIUPT, CTUICHIJIKONb) 3a IOMOMOTOK TMPHIamy
BKP[J1. 3 rpadiunoi 3anexnocti I1H y Bin uacy
Ui yuctux piauH (puc. 9) Buano, mo ix [TH He
3MIHIOETbCS B 4Yaci. Y  JOCHiJDKeHHI Oyio
BUKOPHCTAHO TpPU WYHUCTI PIJUHU, IO CYTTEBO
BIJPI3HAIOTHCS MK co0oro 3a 3HayeHHsM IIH i e
mictats gomimok ITAP.

Jnsa nocnmimkenns mikpokoHuentpauii [IAP y
BOJHHMX PO3YMHAX Ta HACTYIHOTO IOCIIIKCHHS
pealbHuUX PiguH Ha BMICT B HUX [TAP BUKOpHUCTaHO
BomHi po3umHn [IAP. Ile Oymm posuwHHn
HaiimommpeHimux B YKpaiHi moOyTOBHX MHIOUHX
3aco6iB (Gala i Fairy),a takox BOIHI pPO3YMHHU
npomucinoBux I[IAP  (Tinomy, Casenomy i
XKupusnokcy) 3 KoHueHTpauisiMa Big 10MKi/a1 mo
100vkn/nm yepe3 10mn/n Junamiky 3minu ITH mis
BOJHOTO po3umHy Fairy, sk npukian, 300pakeHo
Ha puc. 10

Ha ocHOBI mpoBeaeHHWX BHMIpIOBaHb OyiH
noOyjoBaHi  rpadivyHi  3aJIe)KHOCTI  3HAYCHHS
piBHoBaxkHoro ITH Bixm xonnenrtpamii [TAP s
noOyToBux MuIOUKX 3acobiB Gala i Fairy Ta
npomucinoBux IIAP  (Tinomy, Casenomy i
XKupunokcy). Ha puc. 10 HaBeseHa, sIK MPUKIIA,
rpaayloBalibHa XapaKTEPUCTUKA BOJHOTO PO3UUHY
Fairy. 3a Bka3aHMMH XapaKTEPHCTHKAMH MOXHa
OIliHIOBaTH BMICT THX 4H iHmUX [TAP y Boai mpu
MPOBEICHHI MPOMHCIIOBUX BUMIipIOBaHb
piBHOBaxkHoro ITH pozunnis [TAP npu nonepentso
HEBIIOMi#i 1X KOHIICHTpAIIiT Y BOII.
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Pucynok 9 —3aJieskHOCTi HIOBEPXHEBOr0 HATSATY YMCTHX PiIuH B yaci
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Pucynok 10 —Tunamika 3minu ITH B yaci BogHux po3yuHiB Mu04Y0ro 3acody Fairy aas pisaux
KOHIeHTpanii
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Pucynok 11 —ExcnepuMeHTabHO BU3HAYEHA TPpaaAylBanbHa 3anexnicTs [TH Bin konuenTpauii
noGyTOBOro MHIOUOT0 3aco0y Fairy
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BUCHOBKU

Y pe3ynbTaTi NPOBENEHUX TEOPETUYHHX Ta
eKCIEpUMEHTAIPHIUX  JOCHiPKEHb  BHpilleHA
BaYKJINBAa HAYKOBO-TIPUKJIA/IHA 33/1a4a, sIKa TOJIsITae
y PpO3pOOJICHHI TEOPETHYHUX 3acajy METOIy
MyJIbCYIOUOTO MEHicKa Juisi Bu3HaueHHs [IH
po3uuniB IIAP, a Takox mnpunagy BKP-1 mns
BH3HAYCHHs auHamMigHoro IIH Takumx po3duHIB i
KOHTpoJto KoHIeHTpamii IIAP y po3umnrax 3a
OTPUMaHUMHU pe3yabTaTamMu JOCIIJKCHHS
piBHoBaxkxnoro IIH. Ilpu npomy oTpumani Taki

oymxa, 2000. — 128 ¢. 4. Buxopucmanms
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Hagpmosuoodoymxy Ha pooosuax BAT
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OCHOBHI pe3yJIbTaTH.
1) po3pobiieHa MaTeMaTHYHA MOJIENb MPOIIECY
MyJbcallii MeHICKa B OKOJIi MAaKCUMAJIBHOTO THUCKY

(EC) No 648/2004 of the European Parliament and
of the Council of 31 March 2004 on deter gents//
EU Official Journal L 104. — 08/04/2004. — P.1 35.

y HBOMY, JOCHI/UKEHHA  SKOi  JTO3BOJIMIO
TEOPETHYHO OOTPYHTYBATH YMOBH BHHHKHEHHS
SIBUIIA  TiCTepe3ncy 13  CTPHOKOMOAIOHMMU

mepexojaMu TpY BUIABIIOBaHHI 1 BCMOKTYBaHHI
MEHICKa Ha TOPIli BEPTHUKAIHLHO 3aHYpEHOTO Y
PiAMHY HOXOBOTO Karijspa,

2) po3po0JICHO METOA IyJbCYFOUOro MEHiCKa
mst mocmipkennas [TH 1 Bu3HaueHHST KOHIICHTpAITii
ITAP y BogHux cepeioBUIAX, SIKUM J103BOJISIE
BUKOPHUCTOBYBATH OJIHY 1 Ty 3 MOBEPXHIO PO3JLITY
(da3 Bomguuit po3umH ITAP —moBiTps mnpoTsArom
BCHOT'0 Yacy MPOBEJICHHS JOCIIKEHb;

3) pospobmeno mpwian BKP-1  gns
BU3HAYCHHS XapaKTepUCTHK auHamivyHoro [TH Ta
koHeHTparii IIAP y BomHOMy cepemoBuI 3a
METO/IOM MYJIbCYIOUOTO MEHICKa, SIKUH JI03BOJISE

3MIHCHIOBATH ekcrpec [J KOHTPOJIh BOJIHUX
CEpEIOBHII HA HAsBHICTH B HUX [1AP;
4) mpoBereHi mabopaTopHi 1 HaATypHI

BunpoOyBanHs npwiany BKP-1, ski migTBepaniu
Mpare3 aTHICTh METOMY IYJIbCYIOUOTO MEHICKa
pH JociimpkerHi nuHaMmigaoro ITH 1 MoXITHBICTh
BU3HAUEHHA LIUM TIpuiagoM KonueHtpauii [TAP y
BOJIHUX CEpeIOBHIIAX.
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