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BCTYII

Ha cyuacHomy etami pedopMyBaHHS BHUIIOI OCBITM B YKpaiHi BiJl BHIIUX
HaBYAJIbHUX 3aKJIa/1B BUMAra€ThCs IMiABUIIEHHS SKOCTI MATOTOBKHU (PaxXiBIiB Pi3HUX
CIeliaJIbHOCTEH, 30KpeMa, OakajaBpiB €KOJIOTIB, 3/IaTHMX Ha OCHOBI TJIMOOKHX
TEOPETUYHHUX 3HAHb, MPAKTUYHUX YMiHb 1 HABUYOK CAMOCTIHHO PO3B’sI3yBaTH CKJIaIHI
MpaKTUYHI 3aBJaHHS €KOJIOTTYHUX JIOCT1HKEHb.

OmHUM 13 aKTyaJIbHUX €KOJIOTIYHUX JOCIIHKCHb € BUSBJICHHS BIUIUBY aTOMHOI
€HEPTreTUKH Ha (DYHKITIOHYBAHHS €KOJOTIYHUX CUCTEM Ta 3JI0POB’ S JIFOAUHU. PO3BUTOK
AIEPHOT €HEPreTUKH, 30UIbIIEHHS AKTUBHOCTI BUKOPHCTAHHS JKEPEN 10HI3YIOUHX
BUIPOMIHIOBaHb Y TPOMHUCIOBOCTI, MEIUITMHI 1 HAyIll, 3yMOBJIIOIOTH ITiIBUIIICHHS
KOHIIEHTpalli pagiOHyKJIIiB Ta CyMapHOTO PagioakTHUBHOTO (OHY y AOBKLLIL. Y
BHITAJIKy 3HAYHOTO 3POCTAHHS Pai0aKTHBHOTO (DOHY MOKYTh BUHHUKATH 3arpO3H IS
(GYHKIIOHYBaHHA 1 BIJHOBJICHHS €KOJOTIYHUX CHCTEM Ta 3J0pPOB’S JIIOJAWHHU.
3Bakalo4yM Ha II€, BOXKJIIMBO 1100 MaiOyTHI (paxiBIli €KOJOTIYHUX CIIEHIAIbHOCTEN HE
TUTBKY BOJIOJIITU MPAKTUYHUMU HAaBUYKAMU Ta YMIHHSMU BUMIPIOBaHHSI, MOHITOPUHTY
MOKa3HUKIB PaJi0aKTUBHUX 3a0py/IHEHb, aje ¥ YMIHHSIMH MPOTHO3YBAHHS PU3UKIB
BIUTMBY 10HI3yIOUMX BUIIPOMIHIOBAHb Ha JKUB1 OpraHi3Mu. Taki MpakTUYH1 HABUYKH 1
yMiHHS (DOPMYIOTBCS Ha JA0OPATOPHUX 3AHATTIX 3 HABYAIBHOI JIUCIMILIIHUA
“Pamioexoioriss”, sika nependauyeHa HaBUYAJbHUM IUIAHOM IIIJITOTOBKHM OakallaBpa 3a
cnerianpHicTIO 101 Exonoris B HITY imeni M. I1. [lparomanosa.

JInst onaHyBaHHS HaBYaJbHOI AUCHUILIIHY “Pajioexonoris’” cTyJeHTH TOBUHHI
BOJIOJIITA 3HAHHSIMHU 3 €KOJIOTii, TiCTOJOrIi, (PI3UKM, XIMil Ta THIIMX MPUPOJHUUYUX
qucuuIUliH. B yMoBax 30UIbIIEHHS KIIBKOCTI JIEKIIA Ta J1abopaTOpHUX POOIT 3
“PanioexoJiorii”, siKi 3a HaBYaJbHUM IIJIJAaHOM BUHECEH1 Ha CaMOCTIHHE ONpalfoBaHHS
IUISL CTYJEHTIB, 3aroCTPWIACh MNpoOsieMH (OPMYBAaHHS MNPAKTUYHHX MPOPECIiHO
3HAUYIIMX yMIHb 1 HAaBUYOK CTYJACHTIB Ha JaOOpaTOpHUX 3aHATTAX. BUHUKHEHHS
TPYJHOIIIB y PO3B’S3aHHI MPAKTUYHUX 3aBJaHb y CTYJCHTIB IOB’s3aHE TaKOX 3
HEJIOCTAaTHhOIO KUIBKICTIO YKPAiHOMOBHOI HAaBUYaJbHO-METOJIUYHOI JITEPATypH,
MPU3HAYEHOT I TPOBENECHHA JaObOpaTOPHUX 3aHATh 3 HABYAIBHOI JAUCIUILTIHUA
“Pamioexosnoris’.

3Bakalouu Ha BUIIE 3a3HAUYCHE, PO3POOJICHHM J1Ta0OpaTOPHUM MPAKTHKYM 3
HaBYAJIbHOI JUCHUILIIHE  “Pamioekonoris” CHpUATHME BHPINICHHIO 3rajaHux
HaBYAJIBHUX MPOOJIEM.

Y npakThkymi poO3MIIIEHI BIAMOBIAHO JO HABYAJIBHOTO IUIaHy 9 TeMm
7a00paTOPHUX 3aHATh 3 TEOPCTHYHHM MaTepianioM, MPaKTHYHUMH 3aBIaHHSIMH,
oOuuncIIOBaIbHUMH (OpMYJIaMHU, KOHTPOJILHUMH 3alMTaHHAMU. BoHH 3a0e3medyroTh
CUCTEMHICTh ()OPMYBAHHS Ta PO3BUTKY Y CTYJEHTIB YMIHb 1 IPAKTUYHUX HABUYOK, SIKI
3aCTOCOBYIOTHCS B PAIIOCKOJIOTTYHUX JOCIIPKSHHSX.



JlabopaTtopHna po6ota Ne 1
Tema: IIporno3yBanHsi pagioaKTUBHHUX NEPeTBOPEHD sApa

Mema: 0BOJIOJITH CIIOCOOAMU 1 METOIaMU OOYHUCIICHHS €JIEMEHTIB B JIAHIIIOTY
PaJl0AKTUBHUX MEPETBOPEHb Ta BU3HAYCHHS PA/IIOAKTUBHUX YACTUHOK B PIBHSHHSX
AJIEpPHUX TTEPETBOPEHbD.

3aeoanna: chopMyBaTH 1 3aKpIIUTH MPAKTUYHI YMIHHA Ta HABUYKH
0OYHCIICHHS €JIEMEHTIB B JIAHIIOTY PaJlI0aKTUBHUX IIEPETBOPEHbD, & TAKOK BUSHAUYCHHS
PaTI0aKTUBHUX YACTUHOK B PIBHSHHSIX SIICPHUX ITEPETBOPEHB, III0 BUKOPUCTOBYIOTHCS
B €KOJIOTIYHUX JTOCITIIPKCHHSX.

Tpueanicms pobomu: 2 TONUHN.

Bkazieku w000 niocomoexku 00 3auammaA. i1 YCHIIIHOTO TPOBEICHHS
JTa00paTOPHOTO 3aHATTS, CTYJACHTaM HEOOXIIHO MOMEPEeAHhO BUBUUTU TEOPETUYHI
OCHOBHM PaJI0aKTUBHUX MEPETBOPEHB sipa Ta MOro CKIAJOBUX, SIKI PO3KPUTI B
KOHCIIEKT1 JIEKI[I Ta 1HIIMX PEKOMEHJOBAaHUX HAayKOBHUX JjpKepenax. KpiMm 11poro,
MOBTOPUTH TIEPIOJUYHY CHCTEMY XIMIYHHMX €JIeMEHTIB MeHzeneeBa. 3 METOMO
3ano0iraHHs MOSBl MOMUJIOK B OOYUCIICHHIX, PEKOMEHAYETHCS BUKOPHUCTOBYBATH Ha
3aHATTAX KOMIT IOTEPHUIN MPUKIaIHUI Tporpamuumii 3acio Excel.

OcHo6HI meopemuyuHi NOOHCEHH A

ATOM CKIIQJA€ThCS 3 fAJpa, HABKOJO SIKOTO PYXalOThCA EJIEKTPOHH T10
cTarioHapHUM opOiTaisim (o6omoHKaM). OCKUIBKH Y Si7pa 3apsi/l IUTI0C, a Y eIEKTPOHIB
— MIHyC, aTOM Ma€ HEUTpanbHUU 3apsA. Y sApl KUIBKICTh MPOTOHIB JOPIBHIOE
KUTBKOCTI €JIeKTpOHIB B opOiTassix. KigbkicHe 3HaYeHHsI MMPOTOHIB Y sIApi BU3HAUYa€e
MIPUHAJICKHICTh aTOMa JI0 TIEBHOT'O XIMIYHOIO €JIeMEHTY. Slapa aToMiB OJTHOTO 1 TOTO
K €JIEMEHTY 3aBXKJ1 MalOTh OJIHAKOBE YUCJIO MPOTOHIB, aJi€ KIJIbKICTh HEUTPOHIB MOXKE
OyTu pizHoro. Hanpuknan, Ypan-238 mae 92 npotonu i 146 Heiitponis, a Ypan-235
MIPH Takii k€ KIJIbKOCTI MPOTOHIB, Ma€e 143 HelUTpoHuU. Snpa BCiX 130TOIMIB XIMIYHOTO
€JIEeMEHTY YTBOPIOIOTh HYKJIiA. Hykimimamu Ha3WBarOTh PI3HOBUIU aTOMIB 3 JIaHUM
MaCOBHMM YHCJIOM Ta aTOMHUM HOMepoM. Ha BiiMiHY BiJ HYKJIi/IIB, 130TOITH € aTOMaMHU
OJTHOTO 1 TOTO K €JIEMEHTY, 3 PI3HUMHU MacOBUMHM 4uciamu [1].

Anbdha-BUIIPOMIHIOBAHHSI TTOJISITAE Y BUKHMIAHHI SIIPOM JIBOX MPOTOHIB (P) 1 1BOX
He#TponiB (N):

3He = 2ip + 2}n. (1)
J1st 3py4HOCT1 O0UYHUCIIEHD, 0-pO3na0 BiAOOPAKAIOTh PIBHIHHSIM:

AX > 423V + 3He + Q (2)

ne:

A — MacoBe 4HCIIO PAIIOHYKIIAY;

Z — aTOMHUI HOMEp €JIEMEHTY (3apsi sapa);

X — JiTepa CKOpOYEHOT HAa3BH BUXI1IHOTO SI/IPa;

Y — nmiTepa CKOpOYEHOI Ha3BHU sJipa MPOAYKTY PO3May;

He — sanpo I'eniro;

Q — HaATUIIIOK eHeprii (BUIPOMIHIOETHCS Y BUTIIAI Y-KBaHTY) [2].



bera-BUNPOMiHIOBaHHS € MMOTOKOM €JIEKTPOHIB a00 MO3UTPOHIB (MOMIOHUX 10
€JICKTPOHIB YaCTHHOK, ajie 3 IUII0COBUM 3apsyioM). [Ipu f-BUNpOMiHIOBaHHI pa3oM 3
HO3UTPOHOM MO’KE BUIIPOMIHIOBATHCH HEHTpUHO (V *):

lpo>intet +vt, (3)
ab0 Pa3oM 3 eJIEKTPOHOM — aHTUHEHTPHUHO (V°):

m-oipte +v, (4)

ae:

P — IPOTOH;

N — HEUTPOH,

e’ — MO3UTPOH,;

V' — HEUTPUHO;

e~ — eJCKTPOH;

V'’ — aHTUHEUTpHHO [2].

Enexmponnuii 6ema-minyc po3nao XapakTepus3yeTbCs TUM, 110 ATOMHUNA HOMED
eJIeMEHTY (3apsi sijipa) 30UIbIIYETHCS HA OJUHUITIO, @ MACOBE YMCJIO 3aUIIAETHCS 03
3MiH, TOOTO JOYIpHIM €JIEeMEHT MePeXOUTh Ha MO3MINI0 MPABOPYY BiJl BUXIJHOTO B
NeploAnYHINA TabIMII XIMIYHUX eleMeHTIB (1oaatok 1). [Ipu nporuozyBaHHi JaHOTO
PaioaKTUBHOT'O PO3MAay, IEPETBOPCHHS BiI0OpaKaroThCs piBHIHHAM [2]:

X - Y +e” +v. (5)

Tozumponnuii 6ema-naioc po3nao XapakTepu3yeTbCs TUM, 1110 aTOMHUN HOMEp
eJIeMEHTY (3apsiy siipa) 3MEHIIYEThCS Ha OJJUHUITI0, 3 MACOBE YHCIIO 3AIHINAETHCA 0e3
3MiH, TOMY JIOYipHIA €JIEeMEHT MEePEeXOJUTh Ha MO3ULII0 JIBOPYY BiJ BUXITHOTO B
neplonyHIA TaOIMIl XIMIYHUX eyieMeHTIB (auB. pomatok 1). Ilpu mporHosyBaHHi
JAHOTO PaJIl0aKTUBHOIO PO3Iay, EPETBOPEHHS BIAOOPaXKAIOTHCS PIBHAHHSM:

24X > , Y +et +vt, (6)
Enexrponne 3axoruieHHs (K-3aX0mieHHs) TOJISrae B IEPETBOPEHHI siapa, KON

OJIUH 13 TPOTOHIB SApa 3aXOIUTIOE EJIIEKTPOH 3 OJHOI 13 HAHOMMKYUX JO HBOTO
000JI0HOK (TTepeBaXKHO 3 K-000I0HKHM) Ta TIEPETBOPIOETHCS HA HEUTPOH [2]:

In+ e->in+v. (7)

[MopsakoBHii HOMEP JTOUYIPHBOTO sIIpa CTA€ Ha OJUHHIIKO MEHIIIE TOPSIIKOBOTO
HOMEPY BUXITHOTO Siipa, a MAaCOBE YHCIIO HE 3MiHIOEThCS [2]:

X+ Je- 4y +v-. (8)



BuBinbHeHe enekTpoHOM B K-00OJIOHIN MicIle 3aiiMa€e iHINWA EeNeKTPOH 3
BIJITAJICHUX BiJ siipa 000JIOHOK. B pe3ynbTaTi Takoro mepexojy, aToM BUIIPOMIHIOE
SHEPTilo y BUTJISAAl XapaKTePUCTUIHUX PEHTICHIBCHKUX MPOoMeHiB. [Ipu 1ipomy, 3apsin
aTomMa 30epira€TbCsi HEUTpPaIbHUM, OCKUIBKH KIJBKICTh NPOTOHIB B SJIpl MU
3aXOIUICHHI CJIEKTPOHY TAKOXK 3MEHINYETHCS Ha OJTUHMIIO [2].

Ilopaoox euxonanna pobdomu. Hacammepe] O3HAHOMTECh 3 OCHOBHUMH
TEOPETUYHUMHU TIOJOXKEHHAMHU 1 (GopMylaMu OOUYMCIICHHS €JIEMCHTIB B JIAHITIOTY
PalOaKTUBHUX TIEPETBOPEHb T4 BH3HAYCHHS PAI0AKTHBHUX YACTUHOK B PIBHSHHSIX
SIEPHUX TIePETBOPEHb. Ilicas MmMbOro CaMOCTIHHO PO3B’SDKITh HWXKYE 3a3HAYCHI
3apnaHHsA. [lopsSAoK BHKOHAaHHSA KOXXHOTO J1a0OpaTOPHOTO 3aBAAaHHS, PE3yJIbTaTH
0OYHCIIEHb Ta BUCHOBKH 3alHIIITh y 30LIUT JIJIs TAOOpaTOPHUX POOIT.

3aedanns 1. Bu3HauTe €JIEMEHTH B JIAHUIOTY paJiOaKTUBHHUX MEPETBOPEHD,
BUKOPHCTOBYIOUM BUIIIE 3a3HaY€H1 (POpMYIIH, JaH1 Tabauul 1 Ta nepioguyHy TaOJIULIo
XIMIYHHUX €JIEMEHTIB (AUB. 10J1aTOK 1):

Fooa o FF o«

AX 5. oo oo oo

Taomung 1
Bapiantn
1 2 3 4 5 6 7 8
2 3 4 5 6 7 8 9
U Po Th Fm Er Pr Gd Sm

233 220 232 262 178 148 164 152

N|>» | X |k

92 84 90 100 68 59 64 62

3aedannsa 2. Bu3HauTe €IEMEHTH B JIAHIIOTY PaJi0aKTUBHHUX MEPETBOPEHb 32
JAHUMHU TaOnMIl 2, BUKOPUCTOBYIOUM BHIE 3a3HaueHi (GOpMyIH Ta NEPIOJAUYHY
TaOJIUITI0 XIMIYHUX €JIEMEHTIB (JIUB. 101aTOK 1):

o o o f a [

AX 5. oo oo o,

Tabanig 2
BapianTn
1 2 3 4 5 6 7 8
2 3 4 5 6 7 8 9

Cm Th Lr Dy Ho Yb Nd Eu
253 165 261 167 161 175 147 153

N | > | X[k

96 65 103 66 67 70 60 63




3as0anns 3. Bwusnaute dyacTuHKY (x) (€JIeMEHT) 1 THI pO3Magy B
3alpOIIOHOBAHMX PIBHSAHHSAX SIACPHUX TEPETBOPEHb, BUKOPUCTOBYIOUM BHIIC
3a3HauyeHi  QopMyad Ta  NEPIOAMYHY  TAOJMI0  XIMIYHMX  €JIEMCHTIB
(muB. nonmatok 1):

1) 137Gd - 27Eu + x; 5) 129Sm - 23Eu + x;
2) 2¢7Sm — 2¢IAm + x; 6) tiPr —» 13INd + x;
3) 23Np — *3.Pu + x; 7) 13Tm + 2H - '78Yb + x;
4) YeoNd — '25PT + x; 8) 287Bk + 1H — %33CF + x.

3agdanns 4. BuzHauTe KUIBKICTh G- Ta [-4aCTHHOK, SIKI YTBOPIOIOTHCS IpHU
HACTYITHUX SIIEPHUX NEPETBOPEHHSIX, BUKOPUCTOBYIOUH BHILE 3a3HA4€HI (popMynu Ta
MeploIUYHy TaOJIUII0 XIMIYHUX €JIEMEHTIB (JIUB. JOJATOK 1):

1) 1355 - e 5) rb - 1520y:
2) 483Lr — 233Es; 6) 18ET > 125Gd;
3) 255No — *&7Bk; 7) 139Sm — 1&3Ce;
4) 1% Ho — 23Eu; 8) 25aHn — 251Db.

Ananiz pesynomamie pooomu, 6UCHO8KU i 3axucm podomu. NpOaHATIZyHTE
XapaKTEpHI BIIMIHHOCTI METO/IIB OOYMCIICHHS €JIEMEHTIB B JIAHIIOTY Pa/ll0aKTHBHUX
MIEPETBOPCHDb, & TAKOXX BU3HAYCHHSI PATiOAKTUBHUX YAaCTHMHOK B PIBHSAHHSX SICPHUX
MepeTBOPeHb. J[0 KO)KHOTO 3aBIaHHS BUCHOBKH 3aIUIIITh Y 30IIHT IS 1a00paTOPHUX
poOIT. 3axuUcT poOOOTH CTYJIEHTOM 3IIMCHIOETHCS Ha MOTOYHOMY (SIK BHUHATOK Ha
HACTYITHOMY) 3aHSTTI, 32 YMOB HAasiBHOCTI B 3OIIMTI BCIX PO3B’S3aHUX 3aBAaHb 1
BHCHOBKIB.

Konmponwvni 3anumannsa 01a nepesipku pe3yinbmamie HA6UAHHA'

. OCHOBHI CTPYKTYpHI CKJIaJIOB1 aTOMa, 1X pO3TallyBaHHS Ta 3apsijl.
. [Ilo Ha3uBarOTh HYKJIiAAMH Ta YAM BOHU BIJIPI3HSIOTHCA BiJI 130TOIIB?
. Oxapakrepu3yite Gpi3uuHi BIACTUBOCTI 130TOMIB.
. BKkaxiTh CKIIa7I0B1 @-4aCTUHKH Ta OXapaKTEPU3yUTE iX BIACTUBOCTI.
. BkaxiTh Ck1afioBi f-4aCTUHKU Ta OXapaKTePU3YHTE iX BIACTHUBOCTI.
. B gomy nosisirae enekTpoHHe K-3aXomieHHs py epeTBOPEHHI sapa?
. SIK BUHUKAE Y-BUMPOMIHIOBAHHS Ta HOro (p13MUHI BIACTUBOCTI?
SIkufi TUT paJlioOaKTUBHOTO  PO3Maay 3YMOBIIIOE  BUIIPOMIHIOBAHHS
y-KBaHTIB?
9. Ha3BiTh yMOBH, 3a SKHUX aTOM MOXE BUIIPOMIHIOBATH BUJMME CBITJIO Ta
HACJIIKU I[HOTO TPOLIECY.
10. Poskpuiite (pi3uyHi BIACTUBOCTI (POTOHIB IIPH Y-BUIIPOMIHIOBAHHI.

CoONO OTHES WN -
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JlabopaTtopna po6ota Ne 2
Tema: IIporno3yBaHHsi 3MiH aKTUBHOCTI PaiOHYKJIi/IiB

Mema: oBononiTu criocodamMu, METOAaMU OOYMCIICHHS 1 MPOTHO3YBAHHS 3MIH
AKTUBHOCTI Ta KUTBKOCTI PalOHYKJII/IIB 3a TIEBHUI ITPOMIXKOK Yacy.

3aeoanna: chopMyBaTH 1 3aKpIIUTH MPAKTUYHI YMIHHA Ta HABUYKH
00YHCIICHHS 3M1H aKTUBHOCTI, KUUIBKOCTI PallOHYKJI1/I1B 32 TIEBHUM ITPOMIKOK Yacy, 110
BUKOPUCTOBYIOTHCS B €KOJIOTTUYHUX JTOCTIIPKEHHSIX.

Tpueanicms poéomu: 2 TONUHU.

Bkazieku w000 niocomoexku 00 3auammaA. i1 YCHIIIHOTO TPOBEICHHS
1a00paTOPHOTO 3aHATTA, CTyJICHTaM HEOOXITHO TMOMEPEIHbO BUBUUTH TEOPETUYHI
OCHOBHU TIPOLIECIB CIIOHTAHHOTO TMEPETBOPEHHS ATOMHUX SAEp, 3MIH KIIBKOCTI
PaAIOHYKIII/IIB 32 IEBHUM POMIKOK 4Yacy, K1 PO3KPUTI B KOHCIEKTI JIEKIIIH Ta IHIINUX
PEKOMEH/IOBAaHUX HAYKOBHUX JDKEpenax. 3 METOI 3amoOiraHHs MOSIBU TOMUJIOK B
OOYHUCIICHHSIX, PEKOMEHAYEThCS BUKOPUCTOBYBAaTH Ha JabOpaTOPHOMY 3aHSTTI
KOMIT FOTEpPHUI TIPUKJIaIHUIN TporpaMHuuii 3aci6 Excel.

OcHO8HI meopemuyHi NOOHCEHH

PeuoBuny, B CKJI1aji K01 € pagl0aKTUBHI HYKJIIIH, HA3UBAIOTh Pa10aKTUBHOIO.
B pe3ynbTaTi aTOMHUX pajlloaKTUBHUX MEPETBOPEHb MOXKYTh BUHUKATH 3apsi/HKEHI 1
He3apsA/KEH1 YaCTHHKHU. f/ipa paaloHYyKIiIiB MOXXYTh BHUIPOMIHIOBATH YAaCTHUHKU 3
pi3HOIO eHeprieto. Hampukian, (OTOHM SAEPHOTO TMOXOJKEHHS Ha3UBaIOTh -
KBaHTaMH, a COPMOBaHE HUMHU BUITPOMIHIOBAHHS Y-BHIIPOMIHIOBaHHM [1].

PanioakTUBHICTIO HA3WBAaIOTh CIOHTAHHE IMEPETBOPCHHS AaTOMHUX sIEp, SKE
3YMOBJIIO€ 3MIHY iX aTOMHOIO HOMepy 1 macoBoro yucia. KinbkicTh Oynb-KOro
PaZ10AKTUBHOIO 130TOMY 3 YaCOM 3MEHILYETHCSI BHACIIIOK PaJl0aKTUBHOTO pO3Nany
(neperBopenHs1) saep. i KOXKHOro paaioakTHUBHOTO 130TOIY CEpEeAHs IIBUAKICTbH
po3maay HOro aToMiB € TOCTiHHOIO. IlocTiiiHa paaioakTUBHOrO po3mamy (A) s
MEBHOTO 130TOMY, MOKa3ye KMOBIPHICTb PO3Maly aTOMY 3a OJIHY ceKyHay. OOcsr yacy,
MPOTSTOM SIKOTO aKTUBHICTH (KIJTBKICTh PAJI0aKTUBHUX SIJIEP) 3MEHIINYETHCS BIBIUl
Ha3ueacmuvcs nepiooom Hanigposnady. llo 3aBepiieHH] Mepiofy HamiBpO3MamLy
3aJIMIIAETHCS TIOJIOBMHA IEPBUHHOTO YKCIIA PAI0aKTUBHUX SIJEP, a MICHs MOBIMHOTO
nepioly — iX KUIBKICTh 3MEHIIyeTbes a0 Ya. [leplon HamiBpo3mamy paioOHYKIIiJIIB
Bapiroe B Mexax Big 107 mo 10, Mix moctiliHOKO pamioakTMBHOrO po3mamy i
MepioJIoM HAMIBPO3Maay spa ICHYE 3BOPOTHHM 3B’SI30K, SKUW BiIOOpakaeThCs
PIBHSIHHSM:

A=0,693/Tis, 9)
ne:
/. — MocTiliHa pagioaKTUBHOTO po3nany (c2);
T12 — nepioxa HamiBpo3naay (1i6), T12 = 0,693 /A [3].

AKTHUBHICTh HYKJIIY XapaKTEPU3YETbCS KUIBKICTIO PailOaKTUBHUX ATOMHHX
po3MajiB 3a ONWHUIO 4Yacy. [ 3HaUeHHA MPSMO MPOIMOPIIiHE KIIHKOCTI aTOMIB
pafioaKTUBHOT PEYOBHHH:




A=A1-N, (10)
ne:
A — aktuBHICTh HyKIiAY (BK);
. — mocTiiiHa pagioakTHBHOTO po3namy (c?);
N — kisbKicTh aToMmiB [1].

KonnenTpariisi pafioakTHBHOT PEUOBUHH XapaKTEPU3YETHCS ii aKTUBHICTIO, sIKa
B1I0OpaKAETHCS B OAMHUIIIX aKTUBHOCTI Ha OJMHUIIIO MacH (MMUTOMa aKTUBHICTH), HA
ONMUHUIIIO 00’eMy (00’€éMHA AaKTHUBHICTh) a00 HA OJWHUIO IUIONI (TUIONTMHHA
AKTUBHICTH). 3HWKEHHS KOHIICHTpALlli paJloHYKJIIAy 3 4YaCOM € HACIHIJKOM IMPOIECY
SAJIEPHOTO PO3Many, SKAW XapaKTepU3YEThCS TOTEHINIATBHOI 3alekHICTIO. Llfo
3aJIEKHICTh Ha3WBAIOTh OCHOBHUM 3aKOHOM paodioakmuero2o po3nady. CHUCTEMHOIO
OJIMHUIICI0 BUMIPY aKTUBHOCTI Hykmiay € bekkepens (bk), a mo3acucTeMHOIO
onununero Kropi (Ki). Oqun pagioaktuauii posnan 3a cexkynny = 1bk =2,7 - 101 Ki.
Onmun Ki = 3,7 - 101 bk [2].

AKTHUBHICTb HYKJIITy uepe3 t-yac 00uncItoeThes 3a opMyIIor:

_ 0693t
A, =Ay-e Tz (11)
ne:
A: — akTUBHICTH HYKJIIy uepes t-yac (bk);
Ao — aKTHBHICTb PaJiOHYKIIIY B TIOYaTKOBUH MOMEHT crioctepexenHs (t=0);
e — yucno Einepa =2,72,
t — o0csr vacy, HeOOX1IHMIA 7151 3MIHM aKTUBHOCTI paloHYyKIiay (C);
T1/, — mepion HamiBpo3many (C) [4].

KinekicTh aromiB HykJiay depes t-gac (N;) o0uucmoerses 3a hopMyIioro:

Ny =—, (12)

ae:
N¢ — KiIBKICTh aTOMIB HYKJTiTy dyepe3 t-uac (bk);
A: — akTUBHICTH HYKJIIy uepes t-yac, (bk);
/. — nocrilina pagioaktusHoro posnany (c) [4].

Jlis BimoOpakeHHsS MOCTiMHOI pagioakTHBHOrO posnany (4) B oguaunsax (cl)
cuctemu CU, pu o6uncieHHi kinbkocTi atoMiB (N), BUKOPHCTOBY€EThCs (hopMyia:

1= In(2) ’ (13)

T1/2

ne:
/. — mocriiiHa pagioaktuBHOro posnany (cl);
In(2) = 0,693;
T1/; — nepiox HamiBpo3naay (1i6) [4].
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Hopsaodok 6uxkonanHa poOomu. HACAMIIEPE] O3HAUOMTECH 3 OCHOBHUMH

TEOPETUYHUMU TIOJIOKEHHSIMU 1 (opMynaMud OOYHMCICHHS 3MiH aKTUBHOCTI Ta
KUIBKOCTI PaioHYKIiAIB 3 YacoMm. Ilicis 1boro caMOCTIHHO PO3B’SDKITh HHKYE
3a3HaueHi 3aBaaHHA. [lopsAmoK BUKOHAHHS KOXKHOTO JIa0OpaTOPHOTO 3aBIaHHS,
pe3yabTaTh 00YKCIICHb Ta BACHOBKH B1A00pa3iTh y 30IIMTaX JJIs JaOOpaTOPHUX POOIT.

3asdanns 1. BusHaute aktuBHICTH (A;) pamionykiaimy (X) 3 mepiogom

HamiBposnaay (y) Ta moyaTKOBOK akTHBHICTIO (Ag), uepe3 t-4ac, BUKOPUCTOBYIOUH
BapianTH nanux Tabnuimi 3. [lopiBHsITE 3MIHU aKTUBHOCTI PaJIOHYKIIAIB 3 BITHOCHO
KOPOTKOTPUBAJIUM 1 IOBTOTPUBAIUM NEPIOAaMH HaIliBPO3Mady.

Tabmnis 3
BapianT | Bapiant | Bapiant | BapianT | Bapiant | BapianTt | BapianT
1 2 3 4 5 6 7
1 2 3 4 5 6 7 8
PaHiO(H)YKHiIl %7, 2420 e 2498 21Th 254Eg 2520f
X
IlouaTkoBa
AKTUBHICTD 1012 934 1347 1721 1289 1148 1588
(Ao), bk
taacmicns | oy 6w | 89xi6 | 701pix | 9546 | 7ai6 | 252 | 2.1 poku
posnany nobu ’
Hanlgfp;;’rfa 64,05 163 5760 314 18,2 276 2,65
?y) y 16 no00u POKIB 110 no6u 16 poxu

3asoanns 2. BUKOPUCTOBYIOUYHM BapiaHTH JaHUX TaOIuIll 4, BU3HAUTE KIJIBKICTh

3MIHM KUJIBKOCTI

atomiB (Ni) pamionykiiay (X) 3 mepiogom HamiBposnany (y) depes t-uac. [TopiBusiiTe
aTOMIB y PaAlOHYKIIJIB 3 BIIHOCHO KOPOTKOTPUBAIUM 1
JIOBTOTPHUBAJIMM TIEPi0JjaMH HAIiBPO3May.

Tabmnis 4
BapianT | Bapiant | Bapiant | BapianT | Bapiant | BapianT | BapianT
1 2 3 4 5 6 7
1 2 3 4 5 6 7 8
Pasionyxri 5800 1440 106R 1370 o1g, 225R4 136
(x)
IlouaTkoBa
AKTUBHICTD 975 1334 2167 1077 1800 1758 1217
(Ao), bk
t-uac micis . . . 3,7 )
po3May 212 ni6 | 189 nib 75 16 | 22 poku roi 4 obu 8 nib
Haniep(:;’rfa 267 284 364 30,12 9,7 15 13
I()y) Y J1i6 nooun noou POKIB TOIUH o o
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Ananiz peszyibmamie poodomu, GUCHOGKU i 3aXUCM POOOmMU. TIISIXOM
MOPIBHSJIBLHOTO aHalli3y BHSIBITH BIIMIHHOCTI y 3MiHAaX aKTHBHOCTI Ta KUIBKOCTI
PamiOHYKIIiIIB 3 BIJHOCHO KOPOTKOTPHUBAIMM 1 JOBTOTPUBAIUM TIEpiOJgaMU
HaIiBpO3Ma Ty 3a IeBHUM (BKa3aHMIA Y BallIOMY BapiaHTi) MPOMIXKOK dacy. J{o KOKHOTOo
3aBJAaHHS BUCHOBKM 3alUIITh Y 30MIMT JJs JaboparopHux poOiT. 3axuct
1abopaTtopHOi POOOTH CTYIEHTOM 3IIMCHIOETHCS HA MOTOYHOMY (SIK BHHITOK Ha
HAaCTYITHOMY) 3aHSTTi, 32 YMOB HAasBHOCTI B 30IIWTI BCIX pPO3B’S3aHUX 3aBlIaHb 1
BHCHOBKIB.

Koumponwni 3anumanns 01, nepegipku pe3yibmamie HaA8UaHHA .

1. [lTo Ha3uBarOTh PalOAKTUBHICTIO?

2. Po3kpuiiTe 3MICT MOHATTS “aKTUBHICTh HYKIIAY .

3. llo BimoOpakae MOKa3HUK MOCTIMHOI Pai0aKTUBHOTO pO3Mnamy?

4. Ha3BiTh CUCTEMHI Ta MTO3aCUCTEMHI OJIMHUII BUMIPY aKTUBHOCTI HYKJIITY.

5. Po3kpuiiTe 3MiCT OCHOBHOT'O 3aKOHY PaJll0aKTUBHOTO pO3May.

6. [llo Ha3uBarOTh MEP10I0M HAIIBPO3NATY PATIOHYKIITY?

7. Ha3BiTh yMM XapaKTepu3y€eThCs KOHIICHTPALlis PaJl0aKTUBHOI PEUOBUHHU.

8.Ha ocHOBI SKOTO TIOKa3HMKAa XapaKTEPH3YEThCS  KOHICHTpAIlis
pafioaKTUBHOT PEYOBHHU?

0. SIk Ha3WBAETHCSA CHUCTEMHA OJHWHMII BHUMIPIOBAHHS OJHOTO SJICPHOTO
NIEPETBOPEHHS 32 OJIHY CEKYyHTy?

10. Sk Ha3WBAETHCS MO3aCHCTEMHA OJMHHMIIS BUMIPIOBAHHS OJHOTO SIIIEPHOTO

MIEPETBOPEHHS 32 OAHY CEKyHY?
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JlabopaTtopna po6ota Ne 3

Tema: OCHOBHiI 103MMeTPHYHI MOKA3HUKH ONPOMIHEHHSI TA OAMHMIL iX
BUMIipIOBAHHS

Mema: oBonoaiTH cMoco0aMu, METOJaMU OOYMCIEHHS 1 MPOTHO3YBaHHS
MOKA3HHUKIB €KCIO3UIIHHO1, TOTJIMHYTOI Ta €KBIBAJIEHTHOI /103 OMPOMIHEHHS.

3aeoanna: chopMyBaTH 1 3aKpIIUTH MPAKTUYHI YMIHHA Ta HABUYKH
OOYHUCIEHHS TIOKa3HUKIB EKCIO3MUI[INHOI, TMOIMJIMHYTOI Ta EeKBIBAJEHTHOI 103
OTPOMIHEHHS, III0 BUKOPUCTOBYIOTHCS B €KOJIOTTYHUX JOCIIIKEHHSX.

Tpueanicms poéomu: 2 TONUHN.

Bkazieku w000 niocomoexku 00 3auammaA. i1 YCHIIIHOTO TPOBEICHHS
71a00paTOPHOTO 3aHATTA, CTYJICHTaM HEOOXITHO TMOMEPEIHHO BUBUWUTH TEOPETUUHI
OCHOBHM (pOpMYBaHHS MOKAa3HUKIB €KCHO3ULINHOI, OTIIMHYTOI Ta €KBIBaJEHTHOI /103
ONMPOMIHEHHS 32 MEBHUI TPOMIKOK 4acy, sIKl pO3KPHUTI B KOHCIEKTI JIEKIIM Ta THIINX
PEKOMEHJIOBAaHUX HAYKOBHX JDKEpesiax. 3 METOI0 3amoOiraHHs TMOSBU MOMHJIOK B
OOYHUCICHHSIX JO3UMETPUYHUX BEITUYHH, PEKOMEHIYEThCS BHKOPHUCTOBYBATH Ha
71a00paTOPHOMY 3aHATTI KOMIT FOTEpHHI MPUKIAIHUN porpaMHuii 3acio Excel.

OcHo8HI meopemuyuHi NOOHCEHH

VY panioekoJOTIYHUX JOCHIDKEHHSX Cepell JAO3UMETPUYHUX IMOKA3HUKIB
HalO1IbIIIE BUKOPUCTOBYIOTHCS: EKCIIO3UIIIMHA /1033, TOTY)XHICTh EKCHO3MUIIIHHOI
71034, TIOTJIMHYTAa Ji03a, CKBIBaJCHTHA /033, IHTEHCUBHICTh BUIIPOMIHIOBAHHS,
IIUIBHICTh TMOTOKY YAaCTUHOK, KOE(IUIEHT SKOCTI BUIPOMIHIOBAHHS, BIJHOCHA
OiosoriuHa edekTUBHICTH onpomiHeHHs [1]. PosriasHeMo 0ocoOMMBOCTI OOYUCIICHHS
JESKHUX 3 HHX.

Excnosuyiiina dosa (EJl) BimoOpakae cTemiHb 10HI3alii CyXOro MOBITPS 3a
HOPMAaJIbHUX KIIIMaTHYHHUX YMOB, 30KpEMa, MPU TEMIIepaTypl aTMOCPEPHOTO MOBITPS
0 °C i Tucky 760 MM pTyTHOTO CTOBIMYHMKA. CHCTEMHOIO OJUHUIICIO CKCITO3HIIIMHOT
no3u € Kymnon Ha kinorpam (Kn/kr). Oaun Kit/kr 1opiBHIOE €KCIIO3MIIIHHIN 1031, TPH
AK1{ BC1 €JICKTPOHU 1 MO3UTPOHH, 1110 BUBLIbHEH1 (hOTOHAMH B 00’ €M1 MOBITPS. Macor0
1kr, yTBOpIOIOTH 10HU 3 3apsigoM 1 Ki koxkHoro 3Haky. [lozacucteMHOIO OJUHUIIEIO
exkcro3uuilinoi no3u € Penrren (P). 1 P=2,58 - 10 Ku/kr, a 1 Kn/kr = 3,876 - 10° P.
IIpu 1 P B 1 cM® nOBiTps i0HI3yF0OYMM OIPOMIHEHHSAM YTBOPIOETLCA Oim3bko 2,08 - 10°
nap ioHiB [1].

Homyorcnuicmo _excnosuyitunoi _dosu (IIEJ]) y-BHIpOMIHIOBAaHHS — MPSMO
MPOMOPIlifiHA aKTUBHOCTI PAJIOHYKIIITy 1 €Heprii KBaHTIB, Ta 0OEPHEHO MPONOpIIIiHA
KBaJ[paTy BIJICTaHi BiJ AETEKTOPY A0 jukepena BunpomintoBanHs. [1EJ] oGuucaroeTbes
3a OpMYJIOIO:

Gy A

MD = =2

, (14)
Ie.

MD — notyxHicTh eKcro3ulliitHoi go3u (A/Kr);

Ge — y-nocriiina s pagionykminy (P - em? - r't - Bx?);

A — akTuBHICTh pagionykiiay (bk);

R — BijicTaHb BiJ JIeTEKTOpa J0 JHKepesra BUIIPOMiHIOBaHHS (cM) [4].
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[ormunyta mo3a (I1J]) BimoOpakae eHepriro Oyab-sIKOTO BHIY 10HI3YIOUOTO
BUIIPOMIHIOBaHHS, SIKa IepejaHa OMpoMiHeHI pedoBHHI. CHUCTEMHOIO OIMHUIIECIO
BUMIpIOBaHHs MormHyToi1 103U € I'pet (I'p). 1 I'p = eneprii 1 Ix = 100 pax Oyas-
SIKOTO BHUJY 10HI3YIOUOTO BHUIIPOMIHIOBaHHsI, siKa IepefaHa ONPOMIHEHIN pPedOBHUHI
macoro 1 kr. [To3acucTeMHOI0 OJTMHUTICIO BUMIPIOBAHHS MOTIUHYTOI 103U € Pan. 1 Pan
= 0,01 I'p = 1- 10 JI/kr. ITormuHyTa 1032 00UMCITIOETHCS 3a (GOPMYIIOIO:

Dyga=X"f, (15)

ne:
Dra¢ — nornunyTa n03a (Pan),
X — ekcno3uitifina no3a B 1ii Touni (Ki / kr),
f — nepexigHuii koedirrient [4].

YucnoBe 3HAYCHHS TepeximgHoro KoedimieHty (f) 3anexuTh Big eHeprii
BUITPOMIHIOBaHHS, BHJIy IOTJIMHAIOY0i TKAHWHU (aTOMHOIO HOMepa 1 IIIBHOCTI),
BIICTaH1 BiJ JETEKTOpa 10 Jukepena. Jlinsg Boau 1 M’SIKMX TKAaHUH TBapUHHOTO
OpraHi3My 3Ha4€HHS 1bOro koedimieHty crtaHoButh 0,93 (3aokpyrieno 1), s
KicTKOBOi TkKaHuHu — 2-5 Pax / P [2].

ExBiBanentHa no3a (EJI) BimoOpaxae BigHOCHY O0i0J0TiUHY e(EKTUBHICTH
BUMNPOMiHIOBaHHS. CUCTEMHOIO OJMHUIICIO €KBIBaJICHTHOI /103U € 3iBepT (3B). [Ipu
no31 1 3B BuHHMKae OiojoriyHuit edekrt, nmomioHuit a0 ao3u 1 I'p. CucremHoro
OJIMHUIICIO OOYMCIICHHS TMOTY)KHOCTI €KBIBaJIeHTHOI 103 € 3B/c. Ilo3acucremMHOIO
OJIMHUIICIO BUMIPIOBAHHS €KBIBAJIEHTHOT 103H € bep. [Ipu o6uncieHHi eKBIBaJICHTHOT
1031 HeoOXimHo mam’saratu, wo 1 Bep = 102 3. ExBiBanenTHa 1032 00YHCIIOCTHCS 3a
dhopmyIioro:

H=Dpgq Wg, (16)

Iie:
H — exBiBasieHTHa /1032 onpoMiHEHHS (3B),
Drag — mormunyta f03a onpominenus (Pan),
WR — 3BaskeHU# KoeDillieHT I JAaHOTO BUIY OmpoMiHeHHs [1].

3easicenuit koegiyiecum (Wr) 1aHOTO BUAY ONMPOMIHEHHS IMOKAa3y€ B CKIIbKU
pa3iB e(eKTUBHICTh OI10JOTIYHOI Mii AAHOTO BUAY BHUIPOMIHIOBAHHS IEPEBUILYE
PEHTIeHIBChbKe a00 Y-BUIIPOMIHIOBAHHS, TPU OJTHAKOBIM MOTJIMHYTIN 4031 B TKAHUHAX.

Ilopaoox euxonanna podomu:. HacaMIepe] O3HAHOMTECh 3 OCHOBHUMU
TEOPETUYHHUMH MOJIOKEHHSAMU 1 (hopMyTaMu 0OUUCIEHHS TOKA3HUKIB €KCIO3UIIMHOI,
MOTJIMHYTOI Ta €KBIBAJICHTHOI 103 ONpoMiHeHHs. [1iciig Hboro caMoCTiHO pO3B’SKITh
HWKYe 3a3HayeHi 3aBaHHA. [Iops10k BUKOHAHHS KOKHOTO JIA0OPATOPHOTO 3aBIaHHS,
pe3ynbTaTh 00YKMCIICHb Ta BUCHOBKH 3aMMILITh Y 30IIMUT JJIs JIA0OPATOPHUX POOIT.

3asoanna 1. OOUYUCHITh MOTYKHICTh €KCHO3MIIIHOI 103U B aTMOC(EPHOMY
TIOBITPi, @ TAKOXK €KCIO3UIIHHY 103y 3a 12 roauH onpomiHeHHs Ha Bifactadi (R) 3-5 Ta
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120 cm. IleperBopiTh OTpUMaHi pe3yabTaTH OOYHCIEHb B MOKA3HUKU TMOTJIMHYTOT
71031, BUKOPUCTOBYIOUYH JlaH1 TaOauIlh S Ta 6.

Taomund 5
BapianT 1 Bapianr 2 Bapianr 3 Bapiant 4
1 2 3 4 5
Pazliczl):)ymizl 580 14400 106R, 137
AKTUBHICTS PAJIOHYKITLLY 3000 2000 5000 7000
(2) (bx)
I'amma nocriiina (Ge) 0,000000443 | 0,000000758 | 0,000000248 | 0,000000651
[Mepexinnuii koedimieHT 2 3 9 4
(f)
Tabauis 6
Bapiant 5 Bapianr 6 Bapiant 7 BapianT 8
1 2 3 4 5
Palli(ZI;)yKJIiII 91gy 225R4 136 65Ge
AKTHBHICTS PAIUOHYKITLLY 4000 9000 12000 11000
(2) (k)
'amma noctiiina (Ge) 0,000000328 | 0,000000179 | 0,000000572 | 0,000000282
[Tepexiguuii koedirieHT 3 5 4 2
()
3asoanns 2. OOUUCHITH €KBIBAJIEHTHY 03y onpoMiHeHHs (H) Ha OCHOBI JaHUX
Tabnuii 7.
Ta6murs 7
R . 3BaxeHni koedilieHT, IMoraunyTa n03a
O0’eKT ONpOMiHeHHS (WR) onpominennst, Drag (Pa)
1 2 3
[kipa 0,01 3
KicTkoBuii yepBoHUI 0,12 24
MO30K
Jlereni 0,12 11
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[TpomoBxenHs Tabmi 7

1 2 3
CrpaBoxin 0,05 8
[ImyHOK 0,12 18
[leuinka 0,05 7
Hupku 0,01 4
ToBcTHI KUILIEYHUK 0,12 10
[H11 opranu 0,01 5

Ananiz pesynomamie pooomu, 6UCHO6KU I 3axXucm podomu’. NPOAHAIIIZYHTE
MOKa3HUKUA EKCIIO3UIIIMHOI, MOMIMHYTOI 1 €KBIBAJEHTHOI /03 ONPOMIHEHHS Ta
PO3KpHUATE OCOOTUBOCTI iX 3aCTOCYBaHHS B €KOJIOTIUHUX AOoCHipkeHHsX. [lopsmok
pPO3B’sI3aHHSI KOXHOT'O 3aBJIaHHS, PE3YJbTaTH OOYMCIIEHb T4 BHUCHOBKHM 3alUIIITH Y

30IMT JJs J1a0OpaTOpHUX POOIT.

3axuct 7abOpaTOpHOI POOOTHU CTYJEHTOM

3MIMCHIOETBCS. HA MOTOYHOMY (SIK BHHSTOK HA HACTYMHOMY) 3aHSTTI, 32 YMOB

HAasIBHOCTI B 30ILIKTI BC1X PO3B’SI3aHUX 3aBJaHb 1 BUCHOBKIB.

Konmponwni 3anumanns 01 nepesipku pe3yibmamie HaA8UaHHA .

1. 1o Ha3MBaIOTh EKCIIO3UIIIITHOIO JO3010 OMPOMIHEHHS?

OMHUIIT  BUKOPUCTOBYETHCS NS  BUMIPIOBAHHS
E€KCIO3HUIIIHOI 10317

3. flka TO3aCUCTEeMHAa OJWHUIIT BHKOPUCTOBYETHCS IS BUMIPIOBAHHS

2. SIka cucreMHa

EKCITO3HIIIITHOT 031 OTIPOMIHCHHS ?

4. 11lo Ha3MBaOTH MOTJIMHYTOIO 03010 ONPOMIHEHHS?

5. SIxa cuctemMHa OAMHUIIS BUKOPUCTOBYETHCS JIJII BUMIPIOBAHHS TOTJIMHYTO1
JI031 OITPOMIHCHHS ?

6. Slka moO3acuUCTEMHA OJWHUIA BHUKOPUCTOBYETHCS [JISi BUMIPIOBAHHS
MOTJIMHYTOI 03U OTIPOMIHECHHS ?

7. 11lo Ha3MBaIOTh €KBIBAJICHTHOIO JI030F0 OTIPOMIHEHHS?

oo

€KBIBaJICHTHOI 1031 OITPOMIHEHHS?

. Ha 1o Bka3ye 3Ba>keHuid kKoe(ilieHT IpU 0OUYMCIEHH] €KBIBAaJEHTHOI 103U
OTNPOMIHEHHS?
0.%ka cucremHa

OIMHUIIA BUKOPHCTOBYETBCA pInIb: | BI/IMipIOBaHHSI

10. flka mo3acucTeMHa OJMHMIISL BUKOPUCTOBYETHCS JJII BHUMIPIOBAHHS

€KBIBaJICHTHOI 1031 OIIPOMIHEHHS?
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JlabopaTtopHna po6ota Ne 4

Tema: BumipioBannsi GpoHy Y-BHIIPOMiHIOBAHHSI HA BiIKPUTHX JiJIAHKAX
MiCIIE€BOCTI

Mema. oBoJoAiTH cmoco0aMM 1 MeEToJlaMH  BHUMIpioBaHHA  (OHY
Y-BUIIPOMIHIOBAHHS  BIIKPUTUX  JUISHOK  MicrieBocTi  jgo3umerpom  MKC-05
«TEPPA-II».

3aeoanna: chopMyBaTH 1 3aKpIIUTH MPAKTUYHI YMIHHA Ta HABUYKH
BukopuctanHa ao3umerpy TEPPA-II ans Bu3HaueHHS MOTYXHOCTI €KBIBaJIEHTHOI
71031 OTPOMIHEHHS Ha BIIKPUTHUX JUISTHKAX MiCIIEBOCTI.

Tpueanicms pobomu: 2 TONUHN.

Bkazieku w000 niocomoexku 00 3auammaA. i1 YCHIIIHOTO TPOBEICHHS
7a00paTOpPHOTO 3aHATTS, CTYACHTaM HEOOXIIHO TMOMEPEIHBO O3HAWOMHUTHCH 3
TEOPETUYHUMU OCHOBaMH (1IHCTPYKIli€r0) BukopuctanHs mo3umerpy MKC-05
«TEPPA-II». KpiM 1poro, y KOXHOTO CTyJEHTa TIIOBHHEH OYTH OKpEeMHIA
JOCIITHUIIBKUH )KypHaJ (301IUT 00csroM 12 apKy1iiB), B IKOMY OYIyTh 3alCYBATHCh
1 30epiraTuch BCl 3HAUEHHS BUMIPIOBAaHb Ta 1HINA BAXJIMBA VISl MOAAIIBIIOTO aHAIIZY
iH(bOopMarris.

OcHo6HI meopemuyuHi NOOHCEHH A

[IpoBigHa poab y hopMyBaHHI MPUPOTHOTO PATIOAKTUBHOTO (POHY HAJIEKHUTH
pajioHyKIiaM, siki € cknagosumu ripebkux nopig: “°K, 8’Rb ta enemenrtam npox
pamioakTuBHUX poauH 28U ta 232Th. B pesynbrari a- i f-po3naiis aaep IPUPOIHUX i
WTYYHUX  PaJIOHYKIIIIB BUHUKAE  KOPOTKOXBHUJIBOBE €JIEKTPOMAarHiTHE
BUIPOMIHIOBaHHS, SIKE€ MOIIMPIOETHCS B MPOCTOPI 31 MIBUJKICTIO CBITIIA Ta €HEPTIEI0
0,01-3 MeB. [lns y-kBaHTIB XapaKTepHI BiACYTHICTh Macu CIOKOIO (TOMY BOHHU
ICHYIOTb JIMILIE B PYC1) Ta €JIEKTPUYHOIO 3apsAay (TOMY B €IEKTPUYHOMY 1 MAarHITHOMY
MOJIIX BOHU HE BIIXWIAIOTHCA) [3]. 3Baxkaroum Ha Iie, Y-KBAaHTH MOXYTh (POpMyBaTH
MOTYXKHUU (DOH, HEOE3NMEUHM 1JIs1 dKUBUX OPTaHI3MIB.

Jist mroquHU HOpMalibHUM (OH Y-BUITPOMIHIOBaHHS cTaHOBUTH ~ (0,1 MK3B / o,
a MakKCHMaJbHO IomycTMMuil (oH y-BUmpomiHtoBanHs =~ 0,3 Mk3B / rox [5, 6].
BuwmiproBanns (oHY Y-BUITPOMIHIOBAHHS 3/IIHCHIOETHCS 13 3aCTOCYBAHHSM JI03UMETPIB
MKC-05 «TEPPA-II», JIKC-96 (momatku 2, 3) Ta iHIIHKX.

IHopaook eukonannusa pooomu

1. O3HaiioMTech 3 TEOPETUYHHUMH OCHOBaMH (IHCTPYKIII€I0) BHUKOPUCTAHHS
nozumerpy MKC-05 «TEPPA-IT», nociigoBHICTIO Aiil TpU BUMIPIOBaHHI1
MOTY>KHOCTI €KBIBAJICHTHOT JJO3U ONPOMIHEHHS (JMB. J0JIATOK 2).

2. BubepiTh IUISHKY Ha BIIKPUTIN MICIIEBOCTI, /¢ IJIAHYETHCS 3/1HCHIOBATH
BUMIPIOBAHHS MMOTY>KHOCTI €KBIBaJIEHTHOI 1031 ONIPOMIHEHHS.

3. Ha koH1i BUOpaHiii AUISHII pO3MIpOM 5X5 METpiB OKPECHITh MEPUMETP,
JlaroHajai Ta MO3HauTe 4 TOYKW IO KyTax mnepuMerpy 1 1 Touky Ha
nepexpecTi aiaronasiei (BChoro 5 TOYOK);

4. Buznaute GPS xoopauHaTH KOKHOI 3 5 TOUOK Ha JUISHIT,

5. Onuinite penbed MICHEBOCTI (HAIBHICTH POCIWHHOCTI, OyiiBenh, CTaBKa
TOILI0), III0 OTOUY€E BUOpaHy TUISHKY;
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6. BusHaute morogHi yMOBHU (TeMIeparypy i BOJOTICTh MOBITPs, IPYHTY Ta
1HIIT TTOKA3HUKH);

7. B 1ochniIHUIIBKOMY KypHaJll HaKPECITh KapTy-CXeMy BHUOpaHOi ISHKH
MICIIEBOCTI 1 Bi10Opa3iTh Ha HiM BUIIE 3a3HAYEHY OMKMCOBY 1HGOPMAIIIIO;

8. Ha xoxxHi¥t BuOpaHii AiIsHII, B 5 TouKax (4 1Mo KyTax i 1 B IeHTp1) 3A1HCHITH
B I'ATH KpaTHIM IMOBTOPIOBAHOCTI BUMIPIOBAHHS  TOTYXKHOCTI
CKBIBAJICHTHOI JI03M ONMPOMIHEHHSI Ha BUcoTax 5 cm, 50 cMm, 150 cm Bix
MOBEPXHI IPYHTY;,

9. Pesynbratu BUMipIOBaHb Bi0OPa3iTh B JOCTIAHUIIBKOMY KYypHaIl Y BUTJISIII
Tabnui (1oaaTok 4).

10. Ha ocHOBI TabMMYHKUX JAaHUX OOYUCIITH Ta MOPIBHINTE CepeIHi 3HAYCHHS
GboHY Y-BUNMPOMIHIOBAHHS KOXXHOI BHOpAaHOI MIJISHKH MICIIEBOCTI.
BusBiTe Oi1HKM 3 MIHIMAJRHAM Ta MaKCUMAaJILHUM 3HAYEHHAM
MOTY>HOCT1 €KBIBJICHTHOI JI03M ONPOMIHEHHS. BHCHOBKM 3amuIliTh B
JOCIITHULIBKUH JKypHAJL.

Ananiz pesynomamie pooomu, 6UCHO6KU I 3axucm podomu’. NPOAHAIIBZYHTE
JUHAMIKY TOKa3HWKa (OHY Y-BUIPOMIHIOBAHHA KOXXKHOI BHUOpPAHOI [IJISHKH Ta
KJIIIMAaTUYHUX yMOB, penbedy Tomo. BuUsSBITH MOXIUBUI X BIUIMB Ha 3HAYCHHS
NOTY>KHOCTI €KBIBAJIEHTHOI J03HM ONpOoMiHEHHsA. [lops1ok BUKOHAHHS J1abOpaTOPHOI
po0OoTH, pe3yiabTaTH OOYUCIEHb Ta BHUCHOBKHM 3alUIIITh y JOCHIAHUIBKANA XKypHai
(OKpeMO BHIUIEHUH 301IUT). 3aXUCT 1a00paTOPHOi pOOOTH CTYACHTOM 31MCHIOETHCS
Ha TOTOYHOMY (SIK BHUHSATOK Ha HACTYIHOMY) 3aHSTTI, 3a YMOB HasBHOCTI B
JTOCTITHUIBKOMY JKypHaiai o(OpMJIEHOT KapTHU-CXEMH, 3alOBHEHOI TaOuui 1
BHCHOBKIB.

Konumponwni 3anumanns 01 nepegipku pe3yibmamie Ha8UaHHA
1. IIlo Ha3uBaIOTh €KBIBAJCHTHOIO 103010 OMPOMIHEHHS?
2. Slxum pamioHyKJIIJaM HAJEKUTh MPOBIAHA POJib y (popMyBaHHI (HOHY Y-
BUTIPOMIHIOBaHHS ?
3. 3 KO0 MIBUAKICTIO Ta €HEPTI€I0 MOMIUPIOIOTHCA B IPOCTOP1 Y-KBAHTH Ta
iX TPOHUKHA 37aTHICTh?
Po3zkpwiite exosioriuHe 3Ha4C€HHSI Y-BUIMPOMIHIOBAHHS B KUTTI JFOJUHU?
Slka cucTeMHa OJIWHUIL BHKOPUCTOBYETHCS I  BUMIPIOBAHHS
MOTYKHOCTI JI031 ONPOMIHEHHS?
6. Slka cucreMHa OJMHULS BUKOPUCTOBYETHCA IIJISi BUMIPIOBaHHSA (OHY Y-
BUIIPOMIHIOBaHHS ?
Sxe 3HaUYeHHS (POHY Y-BUIIPOMIHIOBAHHS € HOPMAIbHUM JJIS1 JTFOJJUHU?
8. Slke 3HaueHHA (HOHY Y-BUIPOMIHIOBAHHS € MAaKCUMAaJIbHO JOMYCTUMHUM
JUTSI JTFOTUHA?
9. Po3zkpuiite npunnun podotu gozumetpy MKC-05 «TEPPA-IT».
10.5ky mocnigoBHICTH N1 HEOOX1AHO JIOTPUMYBATHCH TIPH BUMIPIOBaHHI
MOTY>KHOCTI €KBIBaJIEHTHOI 703U ompomiHeHHs aozumerpoM MKC-05
«TEPPA-ID».

o s

~

18



JlabopaTtopna po6ota Ne 5

Tema: IIporHo3syBaHHsi pagiamiiHO-eKOJOTIYHOI0 CTaHY aTMOC(EPHOro
NoBIiTPS

Mema: oBonoaiTH cMoOcoOaMH, METOJaMU OOYMCIIEHHS 1 MPOTHO3YBaHHS
MOKa3HUKIB pajIialiitHO-eKOJIOTIYHOIO CTaHy aTMOC(EPHOTO TOBITPSI.

3aeoanna: chopMyBaTH 1 3aKpIIUTH MPAKTUYHI YMIHHA Ta HABUYKH
o0unciieHHs 00’ €MHOT aKTUBHOCTI PalOHYKJIIIB B MOBITP1, TOBEPXHEBOI aKTUBHOCTI
pPamioOHYyKIIJIIB B IPYHTI, JO3HM 30BHIIIHBOTO f- Ta Y-BHUIPOMIHIOBAHHS B CEepeuHI
XMapH 3 pai0OaKTUBHUMHU T'a3aMH, sIK OCHOBHHX IMOKa3HHKIB paJialiifHO-€KOJIOT1YHOTO
CTaHy aTMOC(EepHOTO MOBITPSL.

Tpueanicms pobomu: 2 TOIUHU.

Bkaziexu w000 niozomoexu 00 3anammsa’. IS yCHIIIHOTO IPOBEIECHHS
JTa00paTOPHOTO 3aHATTS, CTYJACHTaM HEOOXIIHO MOMEPEeAHhO BUBUUTU TEOPETUYHI
OCHOBH TIpolieciB (opMyBaHHS 00’€MHOI aKTUBHOCTI PaJiOHYKJIIJIB B TOBITPI,
MOBEPXHEBOI AaKTUBHOCTI PATIOHYKIIIB B TIPYHTI, J03U 30BHINIHBOTO f- Ta
Y-BUIIPOMIHIOBaHHSI B CEpPEMHI XMapH 3 PaJl0aKTUBHUMHU Tra3aMH, sIKi PO3KPUTI B
KOHCIIEKT1 JIeKI[Il Ta IHIIUX PEKOMEHJOBAaHWX HAYKOBHX JDKepeliax. 3 METO0
3anmo0iraHHs MOSIBU MOMUJIOK B OOUYMCIIEHHSX, PEKOMEHIYETHCSI BAKOPUCTOBYBATHU HA
71a00paTOPHOMY 3aHATTI KOMIT FOTEPHHI MPUKIAIHUN porpaMHuii 3acio Excel.

OcHo6HI meopemuyuHi NOOHCEHHA

Ha papianiiiHO-eKOJIOTIYHUN CTaH HABKOJIUIIIHHOTO CEPE/IOBUINA BIUIMBAIOTH
MPUPOAHI Ta IITY4YHI PAAIOHYKIIIH, SIKI BIIPI3HSIOTHCA AKTUBHICTIO Ta MEPIOOM
HaIlIBPO3May.

Ipupooui_padionykniou (ITPH) me pamioakTUBHI 130TOINH, SIKi MOIIUPCHI B
NPUPOJHUX YMOBAX i CTBOPEHi 03 BTPy4aHHs JIIOJAUHH. IX YMOBHO MOINAIOTH HA 2

IPYIIHN:

1) I3oronu cTaOIMBHUX XIMIYHMX €IIEMEHTIB, SKI HE HaleXaThb [0
Pali0aKTUBHUX POJIHH, 1I€ 30KpEMa;
40K (3 Tunom f-, y-sunpominroBans i T1, = 1,28 - 10° pokis);
1%4Nd (3 Tunom o-Bunpominrosarns i T1p = 2,4 - 10%° pokis) ta inmii.

2) I3oTomu HecTaOUIbHHUX XIMIYHHMX €JCMEHTIB, SAApa SKHX 3a3HAIOTh
MOCTYTOBOTO (-pO3MAay, MO0 3YMOBIIOE TOSBY PsAIB (POAWH) I1HIIMX
pamioHyKIiIiB. TaKUMU 130TOTIAMH €
2381 (3 TumomM o-BunpominioBanas i T, = 4,51 - 10° pokis);
232Th (3 Tunom o-BunpominroBanns i Ty, = 1,41 - 10%° pokis) ta immi [1].

Lmyuni padionykniou (IIPH) me pamioakTWBHI 130TOMH, $IKi CTBOPEHI
JIIOJIMHOIO 13 3aCTOCYBAHHSIM CIIELIAIbHUX TeXHOJIOT1i. {1 130TOnM XapakTepu3yoThes
PI3HMM THUIIOM BUIIPOMIHIOBAHHS Ta MepiofoM HamiBposnany. Cepen HUX B OKpemi
Ipynu BUIUISIOTh PAAIOHYKIIIIU, IKI YTBOPHIIUCH:

e0e3mocepeIHLO0 B pe3yJbTaTl MOAUTY SiApa 3 HEMapHUM MAacOBHM YHCIOM

(To0TO 3 HAIMIIKOM HEWTPOHIB a00 MPOTOHIB) Ta 3a3HAIM [-pO3May,
HaIMPUKJIIA,

%0Sr (3 Tunom S-sunpominroBanns i Ty, = 28,1 pokiB),

3H (3 Tunom B-BunpomiHioBaHHs i Ty, = 12,3 pokiB);
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®BHACJIIJIOK 3aXOTUICHHSI S/IpaMU CTaOlTbHUX XIMIYHUX €JIEMEHTIB €JIEKTPOHIB,
SIK1 BIJICTUTH 3 1HIIUX 7P BHACIIIOK SJIEPHOTO MOJILTY, HATPUKJIIA],
%0Co (3 Tunom f-, y-punpomintoBanaamu i Ty, = 5,26 pokis),
24Na (3 TMIIOM -, Y-BUIIPOMiHIOBaHHAMH i T1/» = 14,8 roaun),
SFe (3 Tunom f-, y-BUIPOMIHIOBaHHAMU 1 T1/2 = 45 1i6);
® BHACIIIJIOK 3aXOIJICHHS] HEUTPOHIB siipamu Y pany ado [LmyToHito, ki He31aTHI
710 PO3May, HaPUKIA/,
241Am (3 Tunom a-, B-BurnpominroBanaamu i Tij, = 431 pik),
239Py (3 TMmoMm a-, S-BunpoMiHrOBaHHAMU 1 Ty, = 24400 pokis) [1].

B mnporHo3yBaHH1 pajiamiiiHO-€KOJIOTIYHOTO CTaHy JOBKULISA, 30Kpema,
NOIIMPEHHS  PATIOHYKJIIIIB B  aTMOCHEpPHOMY  IOBITPSIHOMY  CEpEIAOBHIIN,
3aCTOCOBYIOTBCA 2a)CO8i MOOeNI pO3Cil08aHHs, BPAXOBYIOThCS 3HAUCHHS MOKAa3HUKIB
aKTUBHOCTI, BHCOTH, TPHUBAJIOCTI BHUKHU/IB, IIBUIKOCTI BITPY, CTaHy armocdepu i
penbedy 3eMHO1 ToBepxHI. Ha X 0CHOB1 O0UHCITIOETHCS Memeoponoiune po36e0eH s
(G), sixe BimoOpakae KpaTHICTh 3MCHILICHHS TI0YaTKOBOT AKTUBHOCTI BUKHJIIB B TOUKAX
3 KOOPAMHATAMH X, Y, Z Ha TEPUTOPISIX MOMIMPEHHS XMapy paaioakTUBHUX omafis [1].
BusiBneHHs 103 paji0aKTUBHOTO 3a0pyAHEHHS 3/IIMCHIOETHCS HA OCHOBI PE3yJIbTATIB
OOYHUCIEHHSI TOKA3HUKIB 00’€MHOI AaKTUBHOCTI pPAJIOHYKJIIAIB B TIOBITPl Ta
MTOBEPXHEBOI AKTUBHOCTI B I'PYHTI.

06 ’emHna akmugnicms padioHyK1idie 8 nogimpi 0OUUCTIOETHCS 32 POPMYIIOLO:

A,=Q -G, (17)
ae:
A, — 00’cMHa aKTUBHICTb pagionykiiga B mositpi (Bk - ¢ - m3);
Q — 3arasibHe 3HaYeHHS akTUBHOCTI BUKUAY (bK);
G — mereoponoriyne po3seneHns (¢ - M) [4].

llogepxnesa akmugnicme padionykioig 8 IpyHmi OOUUCIIOETHCS 32 (POPMYIIOO:

As = A, vy, (18)
ae.
As — TIOBEpXHEBA AKTHBHICTh pagioHyKiiay B IpyHTi (BK - M2);
A, — 00’cMHa aKTMBHICTb pafioHyKiay B mositpi (Bk - ¢ - M3);
Vg — IIBUJKICTh OCIIaHHS PAaJIOHYKJIIAIB 3 aTMOc(epu Ha IPYHT
(0,001-0,01 m/c) [1].

Pesynpratn oOumucnens 3a Qopmymamu 17 1 18, BUKOPUCTOBYIOTHCS B
MOJaJIbIIOMY, JIJISl BHUSIBICHHS 3HAYCHb MOKAa3HUKA 30BHIMIHBOTO OMPOMIHEHHS B
CepellMHI XMapH paJlloaKTUBHUX BUKUIB. J[03y OMpOMiHEHHS NP 30BHIIIHIX /- Ta )-
BUIPOMIHIOBAHHSX OIIHIOIOTH 13 3aCTOCYBaHHSM BIIMOBITHUX KOE(DIIIEHTIB.

Ho3a 306HiuNHb020 S-ONnpOMIHEHHS 8 cCepeOuni XMapu 3 padioakmugHUMU 2a3aMu
O0OYHUCITIOETHCS 32 POPMYIIOHO:

D, = A, - Kyp, (19)
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Ie.
Dy — 1032 30BHIIIHKOTO OITPOMIHEHHSI B CEPEIMHI XMapH pajll0aKTUBHUX ra3iB
(38);
A, — 06’eMHa aKTUBHICTh pajioHykiga B nositpi (Bk - ¢ - M);
Kvs — KoedilieHT 1034 £/ OIPOMIHEHHS B CEPEIUHI XMapH
pamioaktuBHuX rasis (3 - M° - ¢t - Bk?) [1].

Ho3a 3068HiWHbO20 Y-ONPOMIHEHHS 8 cepeOUHT XMAPU 3 PAOi0AKMUBHUMU 2A3AMU
O0YHCITIOETHCS 32 (HOPMYIIOIO:

D, = A, - Ky, , (20)
ne:
Dy — 1032 30BHIIIHBOTO OMTPOMIHEHHSI B CEPEIMHI XMapH Pall0aKTUBHUX ra3iB
(38);
A, — 06’ eMHa aKTUBHICTH pafioHykiga y nosirpi (Bbk - ¢ - M°);
Ky, — KOe]iieHT 103U Y ONMPOMIHEHHSI B CEpPEIMHI XMapu Paal0aKTUBHUX
rasis (38 - M° - ¢* - bk?) [4].

TlomyorcHicms  exeieanenmHol 003U ONPOMIHEHHS 6 NO8IMmpI HAO NOBEPXHEN)
[pyHmy OOYUCIIOETHCS 3a (POPMYIIOLO:

Hy = A5 - Ky,

(21)
ae:
Hs — mOTy>KHICTh €KBIBaJICHTHOI /1031 30BHIIIHBOTO ONMPOMIHEHHS B MOBITP1
HaJl TOBEPXHEIO IPyHTY (3B - rox?);
A — xoedimienT 103u ¥ onpominenns (3B - M? - 1t - BxY);
Ks, — 00’ €MHa aKTUBHICTh pagionykiina B mositpi (Bk - ¢ - M) [4].

Tomyocuicms exgiganreHmuoi 003U 3a Yac, Wo MUHy8 3 MOMEHMY NOMPANJISIHHS
PAOIOHYKIIOY HA NOBEPXHIO IPYHMY OOUUCITIOETHCS 3a (POPMYIIOI0:

Ds(t) = H[1 —exp(—Aesr )] A5ff, (22)
ae.

Ds(t) — mOTyXHiCTh €KBIBAJCHTHOI J0O3U 3a Yac, II0 MHUHYB 3 MOMEHTY

NOTPAIUISTHHS PaJlOHYKJIIIy Ha MOBEPXHIO IPYHTY (3B);

Hs — MOTY>KHICTh €KBIBaJIEHTHOI 031 30BHILIHBOTIO ONMPOMIHEHHS B MOBITPI
HaJl IIOBEPXHEIO IpyHTY (3B * rox?);

Jdeff — TIOCTIMHA poO3MaAy IMOB’s3aHa 3 PaJAl0AKTUBHUM PO3MAIOM 1
BEPTUKAJIHOIO MITpaIi€l0 PAAIOHYKIIIIB B TIMOII IIapU IPYHTY
(HaOMKEHO JIOPIBHIOE TIEPIOAY HAmiBpPO3Maay JAOCTIIKYBaHOTO
pamionykminy) (rox ?);

t — oOcsr yacy 3 MOMEHTY MOTPAIUISIHHS PaJIOHYKJIIY Ha MOBEPXHIO TPYHTY
(rox™) [4].
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Hopsaodok 6uxkonanHa poOomu. HACAMIIEPE] O3HAUOMTECH 3 OCHOBHUMH
TCOPETUYHUMHU TIOJOKEHHSAMU 1 (opMyJIaMu OOYHUCICHHS TOKAa3HUKIB 00’ €MHOI
AKTUBHOCTI PAJIOHYKJIIIB B IOBITPi, MOBEPXHEBOI AaKTUBHOCTI PaJIOHYKIIIIB B
IPYHTI, JI0O3M 30BHINIHBOIO f- Ta 7Y-BUIPOMIHIOBAHHS B CEpPEIWHI XMapu 3
pagloaKTUBHUMM Ta3zaMM. Ilicis 1bOro CaMOCTIMHO PO3B’SKITH HUXKYE 3a3HauyeHI
3apnaHHsA. [lopsAOK BHKOHAaHHS KOXKHOTO JIa0OpaTOPHOTO 3aBAAaHHS, PE3yJIbTaTH
00YHCIICHh Ta BUCHOBKH 3aITUIIITh Y 30IIUT I JJaOOpaTOPHUX POOIT.

3asoanna 1. 3a panumu Tabmunb 8 1 9 oO4HMCHITE 00 €MHY aKTHBHICTD
pamioHyKIiiB B MOBITPi (Ay), MTOBEPXHEBY aKTHBHICTH PaliOHYKIiNiB B IpyHTI (As),
703U 30BHIIIHBOTO f- Ta y-BUIIPOMIHIOBAHb B CEPEIMHI XMapu 3 paJlOaKTUBHUMH
razamu (Dy), TOTY>XHICTh €KBIBaJICHTHOI 03U OMTPOMIHEHHS B ITOBITP1 HAJI TOBEPXHEIO

rpynty (Hs).

Tabanis 8
Bapianr 1 Bapianr 2 Bapiant 3 Bapianr 4
1 2 3 4 5

Panionyknin 58Co 144cq 106R, 137
x)

Iepion 267 284 364 30,12
HarmiBposnany (Y) 116 noou n00u POKIB
AKTUBHICTB 112 - 1012 1,17 - 1012 1,11 - 10712 1,15 - 102
Bukuy (Q)

Bincrane 1o 9000 4000 1500 500
JoKepena (M)

Mereoposnoriuue 172 - 10° 1.68 - 10° 177 -10° 1,85 - 107
possenenus (G)

KoeoiuienT no3u 239 - 1014 243 - 1014 248 - 1014 253 . 104
(Kvs) ’ ’ | |
KoeoiuienT no3u 424 - 1014 492 - 1014 419 - 104 497 - 1014
(Kv) ’ ’ ’ |
i{oe)(biuieHT 03U 329 . 1013 331 - 1012 334 - 1013 3138 - 1013
Ks, ’ ! ’ '
WlsnwicTs 0,003 0,004 0,002 0,001
ocimanHs (M/c)

taac 7584 7272 7349 7454
(rox™)

Hoctifira posmany | 315106 | 328-10° | 322-10° | 317-10°
Aett (TOT)
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Taomung 9

Bapiant 5 Bapianr 6 Bapianrt 7 Bapiant 8
1 2 3 4 5

Pamionyxomizg 91gy 225Rq 136Cg 140 5
(x)
[Tepion 9,7 15 13 40,2
HamiBpo3nany (Y) TOIUH 1o 6 TOJIUH
AKTHUBHICTD 1,29 - 1012 127 - 1012 122 - 1012 1,18 - 102
Bukuay (Q)
Bincrans 1o 11000 7000 3400 2500
JoKepena (M)
MeTeopoJioriude 1,03 - 10° 1,89 - 10 1,87 - 10° 183 -10°
possenenns (G)
Koeoimient no3u 267 - 10714 261 - 1014 256 - 104 258 . 1014
(Kup) ’ ’ ’ ’
KoedimienT no3u 437 - 1014 433 - 1014 429 - 10 4922 - 1014
(Kv) ’ ’ | |
KoeoimienT no3u 349 - 1013 347 - 10713 343 - 1013 31371013
(Ks) ’ ’ | |
Lernaxicrs 0,004 0,003 0,002 0,001
ocimaHHs (M/c)
trac, 7677 7589 7521 7451
(rox™)
HOCTII/IH_? posmnany 3.39 - 10° 3,32 - 10°° 3,16 - 10°® 3,19 - 10°®
Jeft (Tom™)

3asoanns 2. OOUYUCIITH MOTYKHICTh €KBiBaNIEHTHOI 103U onpomiHeHHs (Ds(t))
3a t-uac, 110 MUHYB MICIs PaJAl0aKTUBHUX BUKHIIB, BUKOPUCTOBYIOYH J1aH1 TaOIUIh 8
Ta 9.

Ananiz pezynomamis pooomu, 6UCHOBKU I 3axucm podomu’. TPOAHAIIZYHTE
MOKa3HUKUA 00’€MHOI aKTHBHOCTI PaIOHYKIII/IIB B TOBITP1, MOBEPXHEBOI aKTUBHOCTI
PaAIOHYKIIIIIB B IPYHTI, 1031 30BHILIIHBOTO f- Ta Y-BUIIPOMIHIOBAHb B CEpEIUHI XMapu
3 pallOaKTMBHUMHU Ta3aMM Ta PO3KPUHUTE XapaKTepHI BIAMIHHOCTI iX cepeaHix
3HaueHb. [lopsAaok po3B’A3aHHSA KOXXKHOTO 3aBJAaHHS, pPE3yJbTaTh OOYHCIECHb Ta
BHCHOBKH 3alUIIITh Y 30IITUT JJIsI JA0OpaTOpHUX POOIT. 3aXUCT 1abopaTOpHOi poOOTH
CTYJIEHTOM 3/A1MCHIOETHCA Ha MOTOYHOMY (SIK BUHSTOK Ha HACTYIHOMY) 3aHSTTI, 3a
YMOB HasiIBHOCTI B 301LIUTI BCIX PO3B’SI3aHUX 3aBJIaHb 1 BACHOBKIB.

Koumponwni 3anumannus 01 nepegipku pe3yibmamie Ha8UaHHA
1. 1lo Ha3UBAIOTH IPUPOTHUMH PATIOHYKITITAMH?
2. Ha sixi rpynu NOAUISAIOTH MPUPOAHI PaJA1OHYKIII TN ?
3.5xi i30TOMM CTAOIIPHUX XIMIYHHUX €JIEMEHTIB HE
PaIIOaKTUBHUX POIUH?

HaJICXKaTb OO0
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4. dxi 13oTonmu HECTAOUTbHMUX XIMIYHHMX €JIEMEHTIB HAJIeXKaTh IO
Pal0aKTUBHUX POJIUH?

5. lllo Ha3MBaIOTh MITYYHUMH PaJIIOHYKIITaMHU?

6. Ha sxi rpynu moAuISIFOTh IITYYHI PagiOHYKITI AN ?

7. Ha3BiTh MOKAa3HUKU, HA OCHOBI SKHX OOYHCIIOETHCI 00’€MHA aKTHUBHICTH
PalOHYKJI1/Ia B MTOBITPi?

8. Ha3BiTh MOKa3HUKH, HA OCHOBI IKUX OOUHCIIIOETHCS TTOBEPXHEBA aKTUBHICTh
PafioOHYyKIIiTy B IPYHTI.

9. Ha3BiTh MOKAa3HUKH, HA OCHOBI SAKHUX OOUYUCIIOETHCS TOTY>KHICTh
€KBIBaJICHTHOI /1031 30BHINIHBOTO OMPOMIHEHHS B TIOBITP1 HaJl TOBEPXHEIO
IPYHTY.

10. Ha ocHOBI SKMX TIOKa3HUKIB 3IACHIOEThCS OOYHUCIICHHS 3HAYCHB
30BHIIITHBOTO OMPOMIHEHHS B CEpEANHI XMapH Pa/lil0aKTUBHUX BHUKHUIIB?
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JlabopaTtopHna po6ota Ne 6
Tema: IIporno3yBanns pagianiiiHo-eKOJOTIYHOIO CTAHY I'PYHTIB

Mema: oBonOAITH CMOCOOAMHM, METOJAaMU OOYMCIEHHS 1 MPOTHO3YBAaHHS
MOKa3HUKIB pajiialiiiHO-eKOJIOTIYHOIO CTaHy IPYHTIB.

3aeoanna: chopMyBaTH 1 3aKpIIUTH MPAKTUYHI YMIHHA Ta HABUYKH
obuncieHHs audy3iiHOT Ta KOHBEKTUBHOI Mirpaiii pajioHYKIiAiB, SIK OCHOBHHX
(haxTopiB paaiaIiiHO-EKOJIOT1YHOTO CTaHy IPYHTIB.

Tpueanicms poéomu: 2 TONUHU.

Bkazieku w000 niocomoexku 00 3auammaA. i1 YCHIIIHOTO TPOBEICHHS
1a00paTOPHOTO 3aHATTA, CTyJICHTaM HEOOXITHO TMOMEPEIHbO BUBUUTH TEOPETUYHI
OCHOBH TIpoI1IeCiB AU(Y31iiHOT Ta KOHBEKTUBHOI Mirpailii pajioHyKIiiB B IPYHTI, 5Kl
PO3KpUTI B KOHCHEKTI JIEKUIA Ta IHIIUX PEKOMEHJOBAaHUX HAYKOBUX JIXKEpENax.
3 Merorw 3anoOiraHHs TMOSBM TOMWIOK B OOYHMCIECHHSX, PEKOMEHIY€EThCS
BUKOPUCTOBYBaTH Ha JITaOOpPaTOPHOMY 3aHSATTI KOMIT'IOTEPHUM NpUKIaAHUN
nporpamuuii 3acio Excel.

OcHO8HI meopemuyHi NOOHCEHH

Ha panianiiiHO-€KOJOTIYHUI CTaH IPYHTIB BIUIMBaE 0araTo pPi3HOMAHITHUX
(dakTopiB, cepel HUX OCHOBHMMHM € Tu(y3is Ta BOJOre KOHBEKTHBHE MEPEHECEHHS
PaTIOHYKJIIIB.

Hudhysitina miepauis padionykiioig — NoJsTae y nepeMilieHHl pajioHyKIIiIIB,
AKl € 10HaMU TPYHTOBOIO PO3YMHY, B HANpsMi rpaJi€eHTy aKTUBHOCTI (B1J OUIBLIOT
KOHIIEHTpaIlii g0 MeHIoi) [1].

Bonoea koneexmuena micpayisa padionyknidie — TONSATa€ B IEPEMIILECHHI
PaIIOHYKJIIIIB pa30M 3 IPYHTOBOIO BOJIOTOIO.

JocnipxeHHss mirpauli pagioOHYKIIIiB Y BEPTUKAIBHOMY MNpOQiiIl TIPYHTIB
COpSIMOBaHI Ha BHUABIICHHS PaJlOaKTUBHOTO 3a0pyAHEHHS pOJIOYMX IIapiB Ta
WMOBIPHOCTI MOTPAIUISIHHS PaIIOHYKJIIAIB B HWXKHI IIIApU TPYHTOBHX BOJI.

B monboBuX ymMOBax 3pa3ku IPYHTY OTPUMYIOTh 3aCTOCYBAHHSIM CIEL1aIbHUX
TpyOuyacTux mpooOoBinOipHUKIB. OTpuMaHuii B IUX MPOOOBIIOIPHUKAX TPYHTOBUMN
KEpH JUISITH HAa OKpEMI YaCTHHH, SIKl1 € 3pa3KaMu KOXHOTO IIapy JOCIIIKYBaHOTO
BEPTUKAJIBHOTO MPODUII0 IPYHTY. Y KOXHIH BIIOKpPEMJICHIH YacTHHI (TPOIIApKY)
I'PYHTY, BU3HAUaAIOTh ii aKTUBHICTH 1 Macy. OOUYUCIIEHHSI aKTUBHOCTI KOKHOTO IIapy
I'PYHTY B1J100paxaroTh Y BIJTHOCHUX OJMHUIISIX 1 OOUHCITIOIOTH 3a (POPMYIIOIO:

AU;m;

A = s caomy (23)

Z?:l(AUi' mi) ’

ae.
(i — aKTUBHICTb I-T0 IIapy IPYHTY (BiTH. OMUHUII);
AUj — nuToMa akTHBHICTS i-ro mapy rpyHry (bx/kr?);
Mm; — Maca I-ro mapy IpyHry (Kr);
N — KiJIBKICTh ITPYHTOBHX apiB [4].
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Omnwuc mirpariii pagioHyKJIiAIB y BEpTUKAIbHOMY HPOQ1iiil IPYHTY 3I1HCHIOETHCS
13 3aCTOCYBAHHAM pisHsaHHA Ou@y3ii Dika, dKe BITOOpakae 3aJIe)KHICTh aKTHBHOCTI
PaIOHYKJIIY BiJ 9acy 1 KOOpJAUHATH Ha OCi Y-

A-eMt <_3’_2>

q(y't): \/m 1

(24)

ne:
J — aKTUBHICTH B I-My II1api IpyHTY (BiAH. OMUHUIIB);
y — rmubuHa BiAOOpy mapy IpyHTy (CM);
t — 00csr yacy 3 MOMEHTY MOYaTKy Mirpaiii paaioHykmiay (c);
A — aKTUBHICTH PaIiOHYKII Ty B I-My 11api rpyHTy (BK/KT);
T —=~3,14;
D — xoedimient mudysii (cm? - ¢);
/. — nocriiina posnany (c?) [1].

[Tpu obuucneHus koedimienty audysii (D) 3Haxoa9Th HaTYypabHi JorapuhMu
B1J1 IBOX yacTuH ¢opmynu 24. PiBHsIHHS HAOyBa€ 1HILIOTO BUTIISITY:

mla(v, 0] = tn (“5) + (- Z7). 25)

Jl71st ciporieHHs MoIaIbIINX 00UKCIIEHb 3/IIACHIOIOTh 3aMIiHY IMapaMeTpiB:

In[q(y,t)] =z, (26)
m (%) =a, @)
m=b (28)
yi=x. (29)

Ha xiHueBoMy ertami MaTeMaTUYHUX NE€PETBOPEHb OTPUMAEMO JiHINHHE
PIBHSIHHSL

z=a—bx, (30)
TOMI
z; = In(q;) . (31)

[lpu po3w’sizanni piBHsHHS 30, OOUYMCIICHHS 3HAa4YeHb IMOKA3HUKIB & Ta b
3M1MCHIOIOTH 3a (hOpMYyJIaMH JIIHIHHOT 3aJIEKHOCTI

_ Sz)-xal
= _sz_(zx)z )

n

b (32)
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(33)

Ilopaoox euxonanna pobdomu. Hacammepe] O3HAHOMTECh 3 OCHOBHUMH
TEOPETUYHUMHU TIOJIOKESHHIMHU 1 popMynaaMu OOUYMCIICHHS TMOKa3HUKIB AUQY31HHOT 1
BOJIOTOi KOHBEKTHBHOI MIrpariii pagioHyKIiJiB Yy BepTUKAILHOMY MpoduIl IPYHTIB.
[Ticass 1pOro, c€aMOCTIMHO PO3B’SDKITH HWXK4YE 3a3HaueHi 3aBAaHHs. [lopsaok
BUKOHAHHS KOYKHOTO JIa0OpAaTOPHOTO 3aBJaHHS, Pe3yabTaTH O0UYHCICHb Ta BUCHOBKU
3aMUIIITh Y 30IIUT 111 1a00paTOpHUX POOIT.

3asdanna 1. 3a nanumu Tabmumi 10 oOuyucHiTh MPOTrHO30BaHy AKTUBHICTD
PafioOHYKIIIIIB Y BepTUKaIbHOMY Tpodisi rpyHTy ans t-uacy =7 pokiB. PesynbraTtu
oOuncieHs opopmiTh y BUrasAl Tabmuus (11, 12).

Tabmanig 10
P _ -1
Cau6umna Maca IuToma akTUBHiCcTH i-ro mapy rpynry, AUi , (bx/kr™)
Ne Bmﬁopy mapy BapiaHTn
IPYHTOBOIrO|  Iapy OV
wapy, i | rpyury,y rﬂy(m{’
(cm) ! 1 2 3 4 5 6 7
Pamionyiin 13705 | 187cs | 87Cs | 226Ra | 2%6Ra | 2%°Ra | 2Ra
Ilepiox naniBpo3nany, pokis 30,12 | 30,12 | 30,12 | 1620 | 1620 | 1620 | 1620
1 1,0 0,02 395 | 1890 | 4370 | 740 | 1180 | 2410 | 2890
2 2,5 0,06 143 815 | 1017 | 378 772 | 1890 | 774
3 4,0 0,10 74 367 383 146 489 851 412
4 55 0,14 48 298 129 84 218 474 291
5 7,0 0,18 29 104 88 43 164 201 148
6 8,5 0,22 18 63 39 22 51 98 77
7 10,0 0,26 9 14 7 11 4 9 5

3asdannsa 2. BuzHauTe aKTHBHICTh KOXKHOTO IApy I'PYHTY B aOCONIOTHHX Ta
BITHOCHUX OJMHUILIX BUMIpY, KoedimienT audysii (D), 3HaueHHs mapameTpiB a ta b
(muB. piBasiHHS 30). Pesynbpratu o6unciens odopmiTh y BUrIIsiAl Tabmuis (11, 12).
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Taomumg 11

Lombuna | o ITnToma AKTHBHIiCTb mapy
l‘pyHTN(Q)BOFO Bllﬂggl;y tHapy aKTIE:l;;CTB rpyHry, AU
mapy, i TPYHTY, rrﬂ?’?KTr))’, IPYHTY, AIUi ' |[AOcooTHA, | BigHocHa,
y (cm) (Bx/kr™) (Bk) i
1 V1 mi AU, AU1 - my 01
2 Y2 mo AU, AU; - my g2
n yn Mn AUn AUn * Mnp qn
2 (AU; - my) 2 Qi
Tabmuus 12
or
N Enya};;(,"imro Xi = yi? Zi=In(a) Xi * Zi
1 X1 71 X121
2 X2 72 X2+ 22
n Xn Zn Xn * Zn
2 Xi 2z 2 (Xi - zi)

Ananiz pezynomamis pooomu, 6UCHOBKU i 3axucm podomu’. NPOAHAIIZYHTE
MOKa3HUKUA AuQYy31HHOT 1 BOJOroi KOHBEKTMBHOI MIrpaiii pagiOHYKIIIIB Y
BEPTUKAJILHOMY MPOQ1Il IPYHTIB Ta PO3KPUNTE XapaKTEpHI BIIIMIHHOCTI iX CEpeaHIX
3HaueHb. [lopsAnok po3B’A3aHHS KOXKHOTO 3aBJAHHS, pPE3yJbTaTh OOYMCIECHb Ta
BHCHOBKH 3alUIITh Y 30IIUT JJIsI TA0OpaTOpHUX POOIT. 3aXUCT TabopaTOpHOi poOOTH
CTYJIEHTOM 3/A1ICHIOETHCA Ha MOTOYHOMY (SIK BUHSTOK Ha HACTYITHOMY) 3aHSTTI, 3a
YMOB HasiBHOCTI B 30LIUTI BCIX PO3B’sI3aHUX 3aB/IaHb 1 BACHOBKIB.

Konmponwni 3anumannsa 01a nepesipku pe3ynbmamie HA6UAHHA

1. Ha ocHOBI SIKHX TMOKa3HUKIB 3/A1MCHIOETbCS MPOTHO3YBAaHHS pajialliiiHo-
€KOJIOTTYHOTO CTaHy I'PYHTIB?

2. Ha3BiTh 0cHOBHI (pakTOpH, SIK1 BIUIMBAIOTH HA pajlialliiHO-€KOJIOTYHUI CTaH
IPYHTIB.

3. SIki 3ac00M BUKOPHCTOBYIOTH B TIOJIbOBHX YMOBAaX JIJII OTPUMAaHHS 3pa3KiB
IPYHTY?

4. 11lo 103BOJIAIOTH BUSBUTU JOCHIKEHHS MIrpaiii pagioHyKJIIIIB Yy
BEPTUKAILHOMY MPOQ1I1 IPYHTIB?

5. B yomy nonsirae nudysiiiHa mMirpariis pagioHyKIiaiB?

6. B oMy mnossirae Bojiora KOHBEKTHBHA Mirpallisi paJiilOHyKJIi1iB?
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7.Ha oCHOBI fKMX IIOKA3HHUKIB 3IIMCHIOETHCS OOYMCIIEHHS AaKTUBHOCTI
KO’KHOTO IIapy IPyHTY?
8. B sIkuX OJMHUIISIX BUMIPIOIOTH PaJII0aKTUBHICTh KOYKHOTO 1Ay IPYHTY?
9. lllo BimoOpaxae piBHsAHHS nudy3ii Dika B omuci Mirpaiii pagioHyKIiIiB y
BEPTUKATBLHOMY MpOodiii IpyHTY?
10. Ha ocHOBI SKHUX TIOKa3HUKIB 3JIHCHIOETHCS OOYMCICHHS KOe(]IIleHTy
nudy3ii pagioHyKIiAIB B IPYHTI.
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JlabopaTtopna po6ota Ne 7
Tema: IIporno3yBanus Mirpauii pagioHyKJIiiB y pOCJIMH

Mema: oBonOAITH CMOCOOAMHM, METOJAaMU OOYMCIEHHS 1 MPOTHO3YBAaHHS
MOKa3HUKIB IHTEHCUBHOCTI1 MIrparlii paaioHyKIiAiB Y POCIIHH.

3aeoanna: chopMyBaTH 1 3aKpIIUTH MPAKTUYHI YMIHHA Ta HABUYKH
0OYHCIICHHS, TTPOTHO3YBAHHS MUTOMOI aKTMBHOCTI PaIOHYKIIAIB B POCIMHAX MPH
OJIHOPa30BUX Ta OaraTopa3oBUX PaJI0AKTUBHUX BUKUIAX.

Tpueanicms poéomu: 2 TONUHU.

Bkazieku w000 niocomoexku 00 3auammaA. i1 YCHIIIHOTO TPOBEICHHS
1a00paTOPHOTO 3aHATTA, CTyJICHTaM HEOOXITHO TMOMEPEIHbO BUBUUTH TEOPETUYHI
OCHOBH TPOIIECIB Mirpallii pailoHyKIIIB y POCIUH, SKi PO3KPHUTI B KOHCIIEKTI JIEKIIIN
Ta IHIIMX PEKOMEHJOBAaHUX HAYKOBHX JDKepeliax. 3 METOI 3amoOiraHHs MOSIBU
MOMHJIOK B OOYHMCIICHHSIX, PEKOMEHAYEThCSI BHKOPHUCTOBYBATH Ha JaOOpaTOpPHOMY
3aHATTI KOMIT FOTEpHUI TPUKIIQIHUN TIporpaMHuii 3acio Excel.

OcHo6HI meopemuyHi NOJI0HCEHHA

B pocnuHM pagioHyKIiid NOTPAIUISIIOTh!

e 3 atMmocdepH 1Mo HAJ3eMHUM OpraHaM (JINCTKaM, cTedsiaM, KBITKaM);
e 3 TPYHTY IO KOpeHeBil cuctemi [7].

[Ipu noTparissHHI pagloOHYKIIIIIB 3 aTMOC(EPHOr0 NOBITPS HAa HAA3EMHI OpraHu
pPOCIIMH, 1HTEHCUBHICTh MIrpallliHUX TMPOLECIB 3aJeXKUTh BI KoepiyicHmy
NepeuHH020 3ampuMaHis TIOBEPXHI HAJA3€MHUX Opra”iB pociauH. Lleil koedimieHT
00UYHCITIOETHCS 32 (OPMYJIIOIO:

A
ne:
K; — xoedimienTt nepsunHOTO 3aTpuManus (Big 0,01 mo 1);
Af — aKTUBHICTh PAJIOHYKJIIy Ha MOBEPXHI HAJA3€MHUX OPraHiB pPOCIHUH
(a 1 M?);
As — aKTHBHICTb PafiOHyKJIiy Ha MoBepxXHi IpyHTy (Ha 1 M?) [4].

AKTHUBHICTb PaJIOHYKJIZIB Ha MOBEPXHI HAJ3EMHUX OpPraHiB POCIMH MOXE 3
9acoOM 3MEHIITYBATHCh BHACIIIOK npupocTy ¢diTomacu Ta BUAAICHHS PaAl0aKTUBHUX
YaCTUHOK TOTOKaMHU Blpr, CHITOBUMH 1 JIONIOBUMHU oOlagaMu. B HaBKoIHIIHE
CEPENOBUIIE PAMIOHYKIIAM MOXYTh TOTPAIUIATH BHACTIAOK OJHOPA30BUX Ta
0aratopa3oBUX paji0aKTUBHUX BUKHUJIIB.

[Ipy  oAHOPA30BMX  pa/liOaKTUBHUX  BUKWUIAX  NUMOMA  AKIMUBHICMb
PAaodionyKaidie 8 poCIUHAX OOIUCITIOETHCS 3a (OPMYIIOH0:

AU, = %Kf ce(Aesrt) (35)

e
AU; — muTOMa aKTUBHICTh PAJAIOHYKIIITY B POCIMHI HA MOMEHT 4acy t
(bk - xr'Y);
As — oBepXHeBa aKTUBHICTb PafioHyKIIiy B IpyHTi (BK - M2);
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m — diTomaca (xr - M2);

K; — Koe(ilieHT NEpBUHHOIO 3aTPUMaHHsI IPX OJJHOPA30BOMY BUKH/II
(Bix 0,01 mo 1);

Aeff) — epexTuBHA TocTiHA BTPAT (Aer) = IN(2) - Terr ™ (m00y™);

t — 00csr yacy 3 MOMEHTY paJioaKTHBHHMX BUKHIIB (110) [1].

3HAueHHS TOKa3HUKAa €(EKTUBHOI MOCTIMHOI BTPAT Agff), NP HASIBHOCTI
pPamioOHYKIIJIIB 3 CEpelHIM 1 JJAOBFOTPUBAIMM HAMIBPO3MaJOM, CTAHOBUTH Y
cinbebkorocnogapchbkux pocius 10-25 110, y micoBux pocius — 10 500 mio.

baratopa3oBi pajioakTHBHI BUKHJM PAIOHYKIIIB 3YMOBIJIEHI, MEPEBaXKHO,
BIUTUBOM JISUTBHOCTI MiAMPHEMCTB SACPHOTO MamuBHOrO LUKIy. [Ipw mocTiitHii
IIBUKOCTI OCITaHHS Pal0aKTUBHUX YACTUHOK NUMOMA AKMUBHICIb PAJIOHYKIIOI6 8
pocaunax 3a ieBHHM o0csT vacy (t) oouncimoeThes 3a GopmyIioro:

1—3(_Aeff 't)

) 36
o (36)

4
AUp = —Kpp *

ne:

AUy, — muTOMa aKTUBHICTH PAJIIOHYKIIAY B POCIMHI HA MOMEHT 4acy t rpu
bararopazoBux Bukuaax (Bbk - krl);

A — IOBEpXHEBA aKTHBHICTh PaJioHyKIifa B rpyHTi (BK * M2);

m — ¢itomaca (xr - M2);

Kb — KoediLi€HT MEpBUHHOTO 3aTPUMaHHs IIpU OaraTopa3oBUX BUKUIAX
(0,01-1);

Aty — edekTBHA TOCTi#HA BTPAT (Aerr) = IN(2) - Ter * (106y™2);

t — 00csr yacy 3 MOMEHTY paJioakKTHBHHMX BUKHIIB (110) [1].

[Ipyn moTpamisiHHl PaglOHYKIIIIB B POCIMHY IO KOPEHEBIM CHCTEMi, BOHU
HaKOIMUYYIOThCS B TKaHMHAX pPOCIWMH HepiBHOMIpHO. Hampuknazn, paaioakTuBHI
130TOMM CTPOHLIIK0 HAKOMHUYYIOTHCS, MEPEBAXXHO, B KIITUHHUX CTIHKaX CTapilOYuX
TKaHWH, K1 XapaKTepU3yIOThCS HU3BKOIO (D1310JI0TTYHOIO0 aKTUBHICTIO. [30TOMH 11€3110,
HaBITAKW, HAKOMTUYYIOTHCS B TKAHUHAX 3 BUCOKOIO (h1310JI0TIYHOIO aKTUBHICTIO.

HakonuueHnHs pamgioHYyKIIIIIB B POCIMHI XapaKTEPU3YETHCS BIAMOBIIHUM
KoeghiyieHmom HaKxonuuenHs, SKUi 00UUCITIOETHCS 32 POPMYIIOLO:

AU
AU;

K, = , (37)

ae:
Kn — KoedilieHT HaKOTTMYEHHS PaIiOHYKIIIIIB;
AU — nuTOoOMa aKTUBHICTb PaliOHYKIIITy B POCIMHI HA MOMEHT yacy {
(bk - xr'Y);
AU; — nuToMa akTuBHICTS i-ro mapy rpynry (bx/kr?) [1].

Ilopsaook euxonanna pobdomu. Hacamnepesn O3HAHOMTECh 3 OCHOBHUMH
TEOPETUYHUMHU TIOJOKEHHAMH 1 (opMyiaMu OOUYMCIEHHS TOKAa3HUKIB MUTOMOT
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aKTUBHOCTI PaJIOHYKJIIIB B POCIMHAX MPU OJHOPA30BUX Ta OaraTopazoBUX BUKUIAX
PaTIOHYKIIIIB 3 MIANPUEMCTB. [Ticis boro, caMoCTiiHO PO3B’SKITh HIDKYE 3a3HaUYCHI
3apnaHHsA. [lopsAoK BHKOHAaHHS KOXKHOTO JIa0OpaTOPHOTO 3aBAAaHHS, PE3yJIbTaTH
00YHCIICHh Ta BUCHOBKH 3aIUIIITh Y 30IIUT I JJaOOPaTOPHUX POOIT.

3asoannsa 1. 3a npanumMu  Ta6bmuii 13, OOYMCIITE NUTOMY aKTHBHICTH
pamionykmaiB (AU) B ¢piTomaci Ha MOMEHT t-uacy, pH pi3HUX BIACTaHIX BiJ JKepesa
00HOPA306UX PANI0AKTUBHUX BHUKUIIB. Pe3ynbpTaT o04yuciaeHb opopMiTh Y BUTIISIII
Tadymmi 14.

TaGmur 13
Bincrann
Bapiant IT;II:JII(:}-I Po(c)g’ygli:;nﬁ nmé[:ena As Ke m (ugﬁ) (-;ig’) AU
r(m)
1 2 3 4 5 6 7 8 9 10
1 137Cs TpaBu 200 0,95 0,5 4,2 2 17 5890
2 sy KYII 230 0,91 0,6 1,7 28 12 815
3 187Cs 19%1111 650 0,82 0,6 1,5 9 18 3267
4 187Cs 3epHO 650 0,3 | 0,03 | 0,7 3 24 298
5 gy TpaBu 1800 0,73 0,5 4,3 10 31 104
6 sy 3epHO 1700 0,61 | 0,03 | 0,9 10 27 63
7 187Cs JepeBa 2400 0,23 0,8 3,7 28 22 1014
8 0sr nepeBa 720 0,84 0,8 3,2 9 23 312
Tabanig 14

Bincrans go
BapianT pagioakTuBHOro | Pagionykuiig AU t Ter L Kn
aKepesia r (m)

Ha ocHoBI ganux orpuMaHux B Tabmnuui 14, NOpiBHSITE MUTOMY aKTUBHICTh
PaIIOHYKJIIB Ha pI3HIA BIJACTaHI JO JKepena paaiOaKTUBHOTO 3a0pyIHEHHS.
Ba)JIMBO mam’sATaTH, IO JOMYyCTHMOI IIMTOMOK) aKTHBHICTIO BBAXKACThCS I “OSF
=1000 Bk - xr't, qua ¥'Cs = 10000 Bk - xrt [1].

3asoanns 2. 3a nmaHuMU TaOmMIi 15, 0OYMCIITE NUTOMY aKTHUBHICTh
pamionykaiaiB (AUw) B ¢iTomMaci Ha MOMEHT t-yacy, mpH pi3HUX BIJICTaHSIX BIJ
JoKepena baeamopazosux pagiOaKTUBHUX BUKUIIB. Pe3ynbpratu o0uuciens opopMiTh
y BUTIIsLA1 Tabui 16.
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Taomurg 15

Bincranb
O e el (NN VS IS I PR A e
(m)
1 2 3 4 5 6 7 8 9 10
1 05y Ky 4200 0,37 0,4 1,2 3 12 891
2 05y TpaBu 950 0,91 02 | 37 8 15 1815
3 187¢Cs Ky 1100 082 | 0,7 | 24 | 12 | 18 267
4 137Cs 3epHO 440 0,35 03 | 0,6 7 14 3298
5 sy TpaBu 2300 0,73 | 0,05 | 5,3 9 27 98
6 0gr 3epHO 370 0,28 | 0,09 | 2,9 8 22 463
7 187¢Cs nepepa 2400 023 | 03 | 47 | 24 | 18 | 2014
8 187¢Cs nepepa 720 0,84 | 09 | 22 5 11 | 1312
TaGmmi 16
Bincrans go
BapianT panioakTuBHOro | Pamionykuiin AU t Tefr L Kn

JTKepesa

Ha ocHoBi manux oTpuMaHuxX B Ta0mwuii 16, MopiBHSNTE MUTOMY aKTHBHICTD
PAAIOHYKIIIIIB Ha Pi3HIA BIACTaHI A0 JKEpesia pPaJdlOaKTUBHOIO 3a0pyAHEHHS.
JIONyCTHMOIO MMTOMOIO aKTHBHICTIO BBakaeThes 1uist 2°Sr =1000 bk - krtta gua 1¥'Cs
= 10000 Bk - xr! [1].

Ananiz pezynomamis pooomu, 6UCHOBKU I 3axucm podomu’. TPOAHAIIZYHTE
MOKa3HUKU MATOMOI aKTUBHOCTI PaJIIOHYKJIIIB B POCIWHAX, SIKI PO3MIIIEH] Ha PI3HUX
BIJICTAHSIX JIO JKEpE OJHOPA30BHX 1 Oararopa3zoBUX paJlOaKTUBHUX 3a0pyIHEHBb Ta
PO3KpUATE TEHACHINI iX 3MiH 3 yacoM. [lopsaok po3B’si3aHHS KOXKHOTO 3aBIaHHS,
pe3ynbTaTH OOYMCIIEHb Ta BHCHOBKHU 3aIUIIITh Y 30IIUT JJIsi JIAOOPATOPHUX POOIT.
3axuct mabopatopHOi poOOTH CTYACHTOM 3/IACHIOETHCS HA TTIOTOYHOMY (SIK BUHSITOK
Ha HACTYMHOMY) 3aHSTTI, 3@ YMOB HasiBHOCT1 B 30IIMTI BCiX PO3B’sA3aHUX 3aBJIaHb 1
BHCHOBKIB.

Konmponwvni 3anumanns 011 nepesipku pe3yibmamis HA6YAHHA
1. Ha3BiTh XapakTepHi 0COOIMBOCTI Mirpallii palioHyKJIiI1B y PiTOIEHO3aX.
2. Ha3BiTh OCHOBHI IIIJISIXU TOTPAIUISIHHS PAAIOHYKIIIB Y POCIUHH.
3. 1o BimoOpaxae koe(ili€eHT MEPBUHHOTO 3aTPUMaHHS, MPU MOTPAIUIAHHI
PafioOHYyKIII/IIB B POCTUHHU 3 TOBITPS?
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4. Ha3BiTh MOKa3HHUKHM, HA OCHOBI SKHX 3OIHCHIOETHCS OOYMCIECHHS
Koe(iIieHTy TEepPBUHHOTO 3aTPUMaHHS PadlOHYKIi B,

5. 4xi dakTopu 3 YacoM MOXYTh 3YMOBJIIOBATH 3MEHIICHHS AKTHBHOCTI
PaIIOHYKJIIIIB HA TTOBEPXHI HAJ36MHUX OpPTraHiB POCIUH?

6. Ha ocHOBI SKMX TIOKa3HHMKIB OOYHCIIOETHCS MHUTOMA AKTUBHICTh
PaIOHYKJIIB B POCIHWHAX, 3a YMOB OJIHOPa30BOI'0 PaJll0aKTUBHOTO
BUKHUTY?

7. Ha3BiTh IOKA3HUKHU, HA OCHOBI SKHX OOUHCIIIOETHCS IUTOMA aKTHUBHICTH
PAmIOHYKIIIIIB B POCIWHAX, TPH TOCTIHHIA IIBUIKOCTI OCITaHHSA
Pagl0aKTUBHUX YaCTHHOK.

8. Po3kpuiiTe 0cOOMMBOCTI HAKOMIMYCHHSI Pa/llOaKTUBHUX 130TOIIB CTPOHIIIIO,
IpH iX TOTPAIUISIHHI B POCIMHY MO KOPEHEBIH CUCTEMI 3 TPYHTY.

9. Po3kpuiiTe 0cOOTMBOCTI HAKOMTMYCHHS PAAi0aKTUBHUX 130TOIIIB 1I€3110, IPH
iX OTpaIUIsTHHI B POCIMHY 10 KOPEHEBIM CUCTEMI 3 TPYHTY.

10. Ha3BiTb 1OKa3HHUKHW, HAa OCHOBI SKHX 3I1HCHIOETBCS OOYMCIIEHHS
Koe(DilIEHTY HAKOMTUYEHHS PaIlOHYKITIIIB.
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JlabopaTtopna po6ota Ne 8

Tema: IIporno3yBanus mirpauii pagioHyKJIiiB y TBapUH

Mema: oBonOAITH CMOCOOAMHM, METOJAaMU OOYMCIEHHS 1 MPOTHO3YBAaHHS
KUIBKICHMX TIOKa3HUKIB HAKOIMYCHHS PAIOHYKJIIIIB TBapUHAMH, 03 IX
BHYTPIITHBOT'O OIPOMIHEHHS.

3aeoanna: chopMyBaTH 1 3aKpIIUTH MPaKTUYHI YMIHHA Ta HABUYKH
0OYHCIICHHS, TTPOTHO3YBAaHHS KIJBKICHUX IMOKAa3HUKIB HAKOMUYEHHS PaiOHYKJIIIB
TBapUHAMH, 7103 X BHYTPIITHHOTO OMPOMIHEHHS.

Tpusanicms pooomu: 2 ronvHU.

Bkazieku w000 niocomoexku 00 3auammaA. i1 YCHIIIHOTO TPOBEICHHS
71a00paTOPHOTO 3aHATTA, CTYJCHTaM HEOOXiTHO TMOMEPEeIHbO BUBUYUTH TEOPETHYHI
OCHOBHU TPOIIECIB HAKOMMUYEHHS PAJIOHYKIIAIB TBaApUHAMH, J03 iX BHYTPIIIHHOTO
ONMPOMIHEHHS, SIK1 PO3KPUTI B KOHCIIEKTI JIEKI[1H Ta IHIINX PEKOMEHI0BAHNX HAYKOBUX
JoKepenax. 3 METO0 3amo0iraHHs MOsSIBU MOMUJIOK B OOYMCIICHHSIX, PEKOMEHAYETHCSA
BUKOPHUCTOBYBAaTH Ha JITAOOPATOPHOMY 3aHATTI KOMIT IOTEPHUN  MPUKIIAIHUMA
nporpamuuii 3acio Excel.

OcHo8HI meopemuyuHi NOOHCEHH

Panionyximiay noTpamisioTh B CEPEANHY OpraHi3My TBapHH:

® yepe3 MOBEPXHEBUI MIap MIKIPH;
e Yepe3 NUTYHKOBO-KUIITKOBUM TPAKT;
e iHramaminHo [1].

[HTEHCUBHICTh MPOHUKHEHHS 130TOMIB B OPraHi3M 3aJIeKUTh Bif iX (Hi3UKO-
XIMIYHUX BJIACTUBOCTEH. B NMUTYHKOBO-KUIIIKOBOMY TPAaKTI HAMJIETIIE 3aCBOIOIOTHCS
pamioakTuBHi i3oTomm JsyxHuXx MetamiB C, N, P, S, Mo. Haiinosnime (70%)
3aCBOIOIOThCS pajioizoronu Te i1 Po. IlopiBHsHO Baxkdye 3acBorroThesa (10 20%)
pamioizotoru Al, Mg, V, Fe, Zn. He3naunuii Biacotok (1%) 3acBoroerscs U, Zr, Nb
Ta IHIIUX TOAIOHUX eJIeMEeHTIB. PalloHyK/IiAM MOXYTh TOTPAIUISITH B OpPraHi3M
TBapUHH OJHOPa30BO Ta OaraTopa3oro [1].

OaHopa3oBe MOTPAIUIAHHS PaJiOHYKIIJIIB B OpraHi3M 3yMOBIIOE Ha
MOYATKOBOMY €Talll pi3Ke 3pOCTaHHs iX KOHUEHTpalli B TKaHWHaX. B mogansiiomy,
MIpU BIACYTHOCTI MOTPAIUIIHHS PaJlOHYKIIIIB B OpraHi3M, BOHH 3 HbOTO MOCTYIIOBO
BUAQISIIOTHCS. Lle MOSICHIOETHCSI TUM, TII0 IHTEHCUBHICTh HAJIXOJIPKEHHSI paJIIOHYKJIII1B
B TKAHUHU OpPraHi3My He MEepeBUIIy€e IHTEHCUBHOCTI iX BUJANEHHA. ToMy, Ha OCHOBI
3HAUYCHb TIMOKAa3HWKA KIJTBKOCTI HAIXO/UKEHHS PAJIOHYKIIIIB iX IMOYaTKOBa
KOHIICHTpAIlisS B OPTaHi3Mi 00UHCITIOETHCS 32 (POPMYIIOHO:

c, =Lk, (38)

Ie.
Cp — IOYaTKOBa KOHIIEHTpAIIis paJioHYyKIiiB B oprani3mi (bk);
Q — 3aranpHe 3HaYEHHS aKTUBHOCTI BUKHY (bK);
f1— xoedimieHT BCMOKTYBaHHS paaioHyKIiAiB B kpoB (Bix 0,001 mo 1);
f2 — xoedimieHT BCMOKTYBaHHS PaIlOHYKJIIAy B TKaHWHI HA | KT Macu
(8ix 0,0001 mo 1);
M — maca TkaHHHH 200 OpraHy B oprasi3mi (kr) [4].
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baratopa3zoBe mNOTpamisHHA PaJIOHYKIJIIB B OPraHi3M 3YMOBIIOE iX
HAKOIMYCHHS Ta TIIOCTYNOBE 3pOCTaHHS akTUBHOCTI. [Ipm mpoMy, SKIIO B
MOJAIBIIIOMY, HAIXOJKEHHSI PaIIOHYKJIIIB CIOBUIBHIOETHCS, OpraHi3M 3/IaTHHUM
BIJIHOBUTH 30aJlaHCOBAHICTh 1 €(EKTUBHICTh BHUBEICHHS paaioHykiIiaiB. [lutoma
aKTUBHICTh PAJIOHYKIIy B TKaHHWHI, opraHi abo0 oOpraHi3Mi JOCIIIKXYyBaHOTO
XapyYOBOTO JIAHIIOTa OOYHCITIOETHCS 13 3aCTOCYBAHHAM Koe@iyicnmy HaKonu4enHs 3a
dhopmyIoro:

AUy = Ky - AUp,_q, (39)

bi(H
AUy — muTOMa aKTUBHICTH PAIIOHYKJIIIY B OpPTaHi3Mi JJIsl TOCTIIKYBAHOTO
xapyosoro yaniora (bk - kr);
Kn —KoediieHT HaKOTTUYCHHS,
AUy.1 — THTOMa aKTHUBHICTh PAJIOHYKJIITY B TBApPHUHI JIs TONIEPEAHBO1 JIAHKH
xapuosoro janmory (bk - kr't) [4].

Takox 3actocoByeThesi koedimienT Transfer Factor, skuii oOUMCITIOETHCS 3a
dhopmyiioro:

AU = Tf - AU, -m, (40)

ae:
AU — xoedimient nmepexoay Transfer Factor;
Tf — xoedimieHT nepexoy paioHyKIiAy B TKAHUHY JJI 010JI0TTYHUX TKAaHUH
(xr - kr'l);
AU, — nuTOMa aKTMBHICTh PagioHyKIiay B XapuoBomy pamioni (Bk - 1o6y™?);
m, — Maca xap4oBoro pariony (xr) [1].

CymapHuil paJ1l0akTUBHUI BIUIMB Ha OpPraHi3M BioOpakaeTbes (popMyIioro:
D =D, + Ds + Dy, , (41)

ae:
D — cymapHuii pajioaKTUBHUHN BILUTUB Ha OpraHi3Mm (3B);
Dy — 1032 30BHINIHKOTO OMPOMIHEHHSI B XMapi pall0aKTUBHUX BUKHUIIB (- 1
y-oripoMineHHs) (3B);
Ds — 1032 30BHINIHEOTO OMPOMIHEHHS Bijl MOBEPXHI IPYHTY (y-OMPOMIHCHHS)
(38);
Dint — 1032 BHYTPIIIHBOTO OnpoMiHeHHs (S-onpominenHs) (3B) [1].

[ToTyXHICTb 703U BHYTPIIIHBOIO OINPOMIHEHHS B TKaHHWHI OpraHi3My

OOYHCITIOETHCSA HAa OCHOBI MUTOMOi aKTUBHOCTI PAJIOHYKIIAY Ta CEPEAHIX 3HAUYCHD
eHepriil a- Ta f-oNpoOMiHEHHS, 3a (HOPMYIIOIO:
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Dypg=AU" [+ Egy+1,6-1071, (42)
Ie.
Dg,s — MOTYXHICTb JO3U BHYTPILIHHOI'O OIPOMIHEHHSI OpraHy abo OpraHizmy
(Tp - c?);
AU — muroMa akTHBHICTh PafiOHYKIiAy B oprasi ado opranismi (bk - krl);
f — xoedimieHT BUXOaY paiOHYKIIIIIB JTAaHOTO BUAY ONMPOMIHEHHs (i f-
BUTIPOMIHIOBaHHSI =1, 17151 BOJM 1 M’ IKMX TKAHWH TBAPUHHOTO OPTaHi3My
= 0,93, m1a kicTkoBOI TKauuHu — 2-5 Pan / P;
Eav — cepenne 3HaueHHs eHeprii f-onpominenns (*°Sr = 0,18 ta 1¥’Cs = 0,195
MeB);
1,6:- 108 — xoedinient nepexony Bix MeB no [x [1].

JInst pocnvH JOMYCTHMA MOTY>KHICTh J03M BHYTPIIIHBOTO OINPOMIHEHHSI HE
noBuHHa nepesumtysati 10 MIp / 106y L, nns Teapun — 1 mI'p / 1o6y * [4].

Hopsaodok 6uxkoHanHa poOomu. HACAMIIEPE] O3HAWOMTECH 3 OCHOBHUMH
TEOPETUYHUMHU MOJIOKEHHSAMU 1 (opMyjaMu OOYUCIEHHS MOKAa3HHUKIB MOYaTKOBOI
KOHIIEHTpAIlli pajiOHYKJIiJiB B OpraHi3mi, MUTOMOi aKTHUBHOCTI PaJIOHYKIIJIB B
Opra”iamMi Ta CyMapHOr0O paJl0aKTHBHOIO BIUIMBY Ha opradi3m. Ilicias 1mworo,
CaMOCTIHHO PO3B’SKITh HMWXKYE 3a3HadeHl 3aBJaHHs. [lopsoKk BUKOHAHHS KOXHOTO
71a00paTOPHOTO 3aB/IAHHSA, PE3yJIbTaTH O0UYMCIIEHb Ta BUCHOBKU 3aIIUIIITh Y 30IIUT JIJIs
1abopaTOPHUX POOIT.

3asoannsa I. 3a panuMu TaOmMIl 17 OOYMCIITH MOYATKOBY KOHIICHTPAIIIFO
PaAIOHYKIIIIIB, MICIA iX OJTHOPA30BOTO MOTPAIUISIHHS B OpraHi3M.

Tabmuns 17
BapianT | Bapiant | BapianT | Bapiant | Bapiant | Bapiant | Bapiant
1 2 3 4 5 6 7
1 2 3 4 3) 2 3 4
Palli(zl):)yKHiIl 58gy 1440 106G, 137 58gy 1440 106Gy
AKTHUBHICTb
sukuay Q (1,13 - 10%2|1,18 - 10%1,12 - 10*2|1,17 - 102|1,30 - 107%?(1,28 - 102|1,23 - 102
(bx)
f1 0,037 0,028 0,017 0,003 0,011 0,009 0,007
/2 0,0089 0,0075 0,0024 0,0007 0,0091 0,0032 0,0018
M 0,171 0,205 0,194 0,187 0,801 0,794 0,852
Kn 6 0,7 5 0,4 7 0,5 4
AU-1 358 375 382 395 499 489 477

3asoanns 2. OOYUCHITH MUTOMY aKTHUBHICTH pamioHykmiaiB (AUy) micas ix
OaraTopa3oBOro MOTPAIUISTHHS B OPTaHi3M dYepe3 Xap4yoBW JIAHIIOT, 3a JaHUMH
tabnuig 18.
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Taomung 18

Bapiant Pa”i"(;‘gy KA o  AUws | TF | AU | mp | f
1 2 3 2 5 6 7 8
1 Sy 8 785 | 093 | 43 | 0879 | 092
2 14Cs 03 | 792 | 095 | 40 | 0976 | 087
3 1065, 9 821 | 093 | 37 | 0912 | 085
4 187Cs 05 | 889 | 094 | 32 | 0824 | 084
5 05y 11 | 932 | 095 | 34 | 0805 | 081
6 157Cs 07 | 945 | 093 | 29 | 0934 | 0,78
7 1065, 14 | 957 | 092 | 38 | 0794 | 075
8 0Cs 09 | 599 | 097 | 28 | 0782 | 0,72

3agdannsa 3. OOYUCHITH TOTYXHICTh JO3UM BHYTPIIIHHOIO OMNPOMIHEHHS
opranizmy (D, s) 3a nanumu tabami 18. ITopsaok po3B’s;3aHHs 3aBIaHHS, pE3yIbTATH
00YHCIIEHb Ta BUCHOBKH 3aMHIIITh y 30IIIHT.

Ananiz peynomamis pooomu, 6UCHOBKU I 3axucm podomu’. MPOAHAIIIZYHTE
MOKAa3HUKA TIOYATKOBOI KOHIEHTpAIil paJloOHYyKIiIiB, MICIAS iX OJHOPAa30BOTO
MOTPAIJISIHHS B OPTaHI3M Ta PO3KPUNTE OCOOIMBOCTI 1X 3MiH 3aJI€KHO BiJl aKTUBHOCTI
pamiamiinoro Bukuay. [Ipoanami3yiite ocHOBHI (aKTOpH, SIKi 3/1aTHI BIUIMBATH Ha
MOTYXKHICTh BHYTPIIIHBOTO OMPOMIHEHHS oOpraHi3My. Po3kpuiiTe xapakTepHi
BIIMIHHOCTI Y ()OpMyBaHHI /103 BHYTPIIIHEOTO OMPOMIHEHHS MPU OJHOPA30BOMY Ta
O0araropazoBoMy NOTpAIUISIHHI pPAJIOHYKJIIAIB B opraHiaM TBapuH. [lopsnok
pPO3B’sI3aHHSI KOXHOT'O 3aBJIaHHS, PE3YJbTaTH OOYMCIIEHb T4 BUCHOBKHM 3alUIIITh Y
30lIMT JJs1 J1a0OpaTopHUX POOIT. 3axucT J1aboOpaToOpHOi POOOTH CTYAEHTOM
3MIMCHIOETHCS. HA MOTOYHOMY (SIK BUHSATOK Ha HACTYMHOMY) 3aHSTTI, 3a YMOB
HAsIBHOCTI B 30ILIMTI BCIX PO3B’SI3aHUX 3aBJAAaHb 1 BUCHOBKIB.

Konmponwvui 3anumanns 013 nepesipku pe3yibmamis HA6YAHHA

1. Po3kpuiite 0COOIMBOCTI Mirpaillii pagioHyKIIi/lIB Y 3001I€HO3aX.

2. Ha3BiTh OCHOBHI NISIXU MOTPATUISTHHS PaIIOHYKJIIIIIB B OPTaHi3M TBapUHHU.

3. 5Iki pamioaKTHBHI 130TOMHM HAWJIETIIe 3aCBOIOIOTHCS B  IUTYHKOBO-
KHUILIKOBOMY TPAaKTi?

4. 3a KX yMOB PaiOHYKJIIIA 3/1aTHI BUJAAIMTUCH 3 OPTaHI3My TBAPUHU?

5.5k mpum OaraTopa3oBOMy TOTpAaIUISHHI PaaIOHYKJIIAIB B OpraHizm
3MIHIOETHCS IHTCHCUBHICTD 1X BUJIAJICHHSI 3 OpraHizMy?

6. Ha3BiTh MOKa3HWMKM, HA OCHOBI SKHX OOYMCIIOETHCS IOYaTKOBA
KOHIICHTpAIlisl PaIOHYKJIIIB TMPH OJHOPA30BOMY iX MOTpAIUISHHI B
OpraHi3Mm TBapHHH.
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7. Ha3BiTh IOKA3HUKU, HA OCHOBI SKHX OOUYHCIIIOETHCS IUTOMA AKTHUBHICTH
PaIIOHYKJIITy B TKaHHWHI, OpraHi abo opraHi3mi IpH JOCIIIKEHI TEBHOTO
Xap40BOTO JIAHITIOTA.

8. Ha3BiTh IOKa3HUKH, Ha OCHOBI SIKHX OOYHCIIOETBCs KoedirieHT Transfer
Factor.

9. Ha3BiTh TOKa3HWKH, Ha OCHOBI SKHX OOYMCIIOETHCS CYMapHHMA
palioaKTHBHUY BIUIMB HA OpraHi3M TBapUHH.

10. Ha3BiTh MOKAa3HWKH, HA OCHOBI SKMX OOYHCITIOETHCS TOTYXKHICTH JIO3H
BHYTPIIIHBOTO ONPOMIHEHHS B TKAHUHAX TBApHUH.
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JlabopaTtopna po6ota Ne 9
Tema: IIporno3yBaHHsi pU3HKIB pajialiiHOT0 BILIMBY HA JIIOJAUHY

Mema: 0BONOIITH crioOcOOaMU, METOJaMU OOYHCIICHHS 1 TIPOrHO3YBaHHS /103
30BHIITHBOTO Y-ONPOMIHEHHS BIJ PO3CIIHUX B aTtMocdepl pagloHYKIIiAIB Ta 103
BHYTPIIIIHBOTO ONPOMIHEHHS MPH IHTAIALINHOMY, MEepOopalbHOMY IOTPaIlIsSHHI
PaIOHYKJIIIIB B OpraHi3M JIIOJIUHH.

3aeoanna: chopMyBaTH 1 3aKpIIUTH NPAKTUYHI YMIHHA Ta HABUYKH
OOYHCIIEHHS, MPOTHO3YBAHHS 03 30BHIIIHBOTO Y-OMPOMIHEHHS BiJl PO3CIIHUX B
atMocepl pajioHyKIIIIB Ta A03 BHYTPIIIHHOTO OMPOMIHEHHS MPHU IHTAIALIHHOMY,
nepopasbHOMY HOTPAIUIIHHI PaliOHYKIIIIB B OpraHi3M JIIOAHHU.

Tpusanicms pooomu: 2 ronviHU.

Bkaziexu w000 niozomoexu 00 3anammsa’. IS yCHIIIHOTO IPOBEIECHHS
Ja00paTOPHOTO 3aHATTSA, CTyACHTaAaM HEOOXIJIHO MONEPEAHHO BUBUUTHU TEOPETUUHI
OCHOBH (hOpMYBaHHS /103 30BHIIIHHOTO Y-OMPOMIHEHHS BiJ pO3CisiHUX B arMmocdepi
PaAIOHYKIIIJIIB Ta 103 BHYTPIITHBOTO OMPOMIHEHHS JIFOJAMHH, SIK1 PO3KPUTI B KOHCIIEKT1
JEK1H Ta IHIIMX PEKOMEH0BaHNUX HAYKOBHX JIKEpesiaxX. 3 METO0 3a11001raHHs MosSBU
MOMMWJIOK B OOYHCJIEHHSIX, PEKOMEHAYEThCSI BUKOPUCTOBYBATU Ha JaOOpaTOpPHOMY
3aHATTI KOMIT FOTEpHHI MTPUKIIQIHUAN TiporpaMHuii 3acio Excel.

OcHo8HI meopemuyuHi NOOHCEHH

BrmivB  10HI3yl0O4OTO BHUIPOMIHIOBAHHS Ha OpraHi3M JIIOJUHU  MOXE
MPOSIBJISITUCS B TMOLIKO/PKEHHI TeHIB 1 (YHKUIA KIITHH, KaHIEporeHesl abo
nposidepatuBHiil 3arubeni. Ilicist oTpuMaHHS HE3HAYHUX J103 OMPOMIHEHHS, B
OpraHi3Mmi JJIOAMHU MOXKYTb MPOSIBISTUCS TaCTPOIHTECTUHAILHUN, KICTKOBO-MO3KOBHIA
Ta 1HII CHHIPOMH PalialliifHOTO MOIIKOPKEHHS TKaHuH [8].

CyMapHuii pamiaiiiiHuii BIUTMB Ha OpPTaHi3M JIFOAUHU 311HMCHIOETHCS 30BHIITHIM
Ta BHYTPIIIHIM ONPOMIHEHHSIM. BiH 00uncitoeThes 3a (hopMyIioro:

Dy = Dext + Dine (43)
ae:
Dx— cymapHa /103a pajiaiiiiHoTro BIUIMBY Ha JIIOAUHY (3B);
Dext — 1032 30BHIIIHBOTO ONIPOMIHEHHS (3B);
Dint — 103a BHYTpIlIHBOTO onpomineHHs (3B) [1].

30BHIIIHIA _pajialliiHW{ BIJIMB Ha OPraHi3M JIIOJIMHU 3A1MCHIOETBCS -
BUIPOMIHIOBAHHSM 1 JICIIO MEHIIIE S-BUIIPOMIHIOBAHHSIM, 110 3yMOBJIEHO HAsIBHICTIO
pagionykinis “°K Tta pamionyknigis pogun 28U u 2%2Th B nosiTpi i moBepXHi IPYHTY.
J103a 30BHINTHBOTO OTIPOMIHEHHSI O0UYHCITIOETHCS 32 (HOPMYJIOTO:

Dext = Ds+ Dy, (44)
e
Dext— 1032 30BHIIIHBOTO OPOMIHEHHS (3B);
Ds — 103a 30BHIIIHBOTO Y-OMPOMIHEHHS BiJl MOBEPXHI IPYHTY (3B);
Dy — 103a 30BHINIHBOTO )-ONMPOMIHEHHS BIJ PO3CITHUX B aTMocdepi
pamionykmis (38) [1].
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[Tpu mporHo3yBaHH1 03U 30BHIIIHBOTO y-OMPOMIHEHHS B1J] MOBEPXHI IPYHTY
(Ds), BaXJIMBO BpaXxOBYBATH, 1110 TPOTITOM JOOH JIFOJUHA MOJKE TiepeOyBaTH Bija 1 /10
8 TOJMH Ha BIIKPUTOMY BYJUYHOMY MPOCTOPI 32 MEKaMH MPHUMIIIEHB, a PEIITY Yacy
B CE€peAUH1 IPUMIIIEHb, € IHTEHCUBHICTD Y-ONMPOMIHEHHS MOKE 3MEHIITYBAaTUCH 110 10
pa3iB. 3BakarouM Ha 1€, 00UMCICHHS 30BHIIIHBOTO OMPOMIHEHHS OpPTraHi3My JIIOAUHU
BCEPEIMHI MPUMIIIEHB, 31MCHIOETHCS 32 (OPMYJIIOO:

D, = 0,46 - Dy , (45)

ne:
Dsr — 30BHIIIHBOTO OMPOMIHEHHS OpraHi3My JIIOJIMHHU BCEPEIMHI MPUMIIIEHb
(3B);
Ds — 1032 30BHIIIHBOTO Y-OMPOMIHEHHS BiJl OBEepXHi IpyHTY (3B) [4].

J103a 30BHIIIHBOTO Y-OMPOMIHEHHSI BiJl pO3CIIHUX B aTMOcdepl palioHyKIiAIB
00YHCITIOETHCSA 32 (POPMYIIOIO:

D,(t) =A, By, -t, (46)

ne:
D\(t) — mo03a 30BHINIHLOTO Y-ONPOMIHEHHS B IIEBHHH MOMEHT Yacy BiJ
po3cisiHUX B aTMochepi pamioHykIiaiB (3B);
A, — 00’cMHa aKTUBHICTb po3cisHux B atmMocdepi pamionyknigis (Bk - m3);
By, — no3oBuii koediuienr (38 - M - rox? - Bkl);
t — o0Ocsr uacy (ron) [4].

BayTpimHiA  pamialudHui  BIUIMB HA OPraHi3M JIIOAWHHU 3I1HMCHIOETHCS
MEPEBAXKHO (- 1 f-BUIIPOMIHIOBAHHSIMH Ta JICIIO MEHIIE y-BUNPOMiHIOBaHHAM. Jl03a
BHYTPILIHLOrO ONMPOMiHEHHS (OPMYEThCs BILIMBOM paxionykminis *H, 'Be, 1C, 2Na,
4Kl TOTPAaIUIAIOTh B OPraHi3M JIOJUHU 4Yepe3 JIere€Hl NpU BAUXAHHI MOBITPS
(1HTaNAIIAHO) Ta Yepe3 NUTYHKOBO-KUIIKOBUN TPakT (MEpOpalibHO) 3 MPOIYKTaMU
XapuyBaHHs, MUTHOIO BOJOIO TOIIO. /{032 BHYTPITHEOTO ONTPOMIHEHHS 00UUCITIOETHCS
3a (opmyIioro:

Dine = Ding + Dper ' (47)

e
Dint— 1032 BHYTPIIIHBOTO ONIPOMiHEHHS (3B);
Ding — 1032 BHYTPILIHBOTO ONPOMIHEHHS MPHU IHTAIALIHHOMY MOTPAIUISHHI
PAIIOHYKIIIJIIB B OPTraHi3M JoauHu (3B);
Dper — 032 BHYTPILIIHHOIO OMPOMIHEHHS MPHU MEPOPATBHOMY MOTPAIUISHHI
pamioHyKIiAiB B oprani3m moauau (38) [1].
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[Tpu iHransgmitHOMy MOTPAIUISIHHI PaliOHYKIIAIB B OpPraHi3M JIOAUHH, 1032
BHYTPIIITHBOT'O OIPOMIHEHHSI 00UHUCIIOETHCS 32 (OPMYJIIOO:

Ding(t) =Ay, "By, V-t, (48)

ne:

Ding(t) — 1m03a BHYTpINIHBOTO OMPOMIHEHHS B TIEBHUII MOMEHT 4Yacy IIpH
IHT TSI HHOMY MOTPATUISIHHI PaIlOHYKIIIIIB B OpraHi3M JIOAUHH (3B);

A, — 06’ eMHa aKTUBHICTH po3cisaux B arMocdepi pamionykminis (Bk - M3);

B, — 1030Bui KOoe(DiLI€HT paiOHYKIIy IPH IHTATALIMHOMY HOTPAILISIHHI B

opranism moaunu (38 - M3 - rog! - BrY);
V — 0bcsr croxkuToro armocheproro nosirps (M2 - roxt);
t — o0Ocsr wacy (ron) [4].

[Ipu nepopanbHOMY TOTPAIUISIHHI PAIOHYKJIIAIB B OpPraHi3M JIIOJAWHH, 1032
BHYTPIIIHHOT'O OMTPOMIHEHHSI OOUYUCITIOETHCS 32 (POPMYIIOIO:

Dper = 365 Bper . Z?=1 m; - AUi, (49)
ne:
Dper — 4032 BHYTPIIIHBOTO ONPOMIHEHHS NIPU NEPOPAIBHOMY NOTPAIUIHHI

PaAIOHYKIIIJIIB B OPraHi3M JouHu (3B);
Bper — 1030BMi1 KOEQILIEHT IPU NEPOPATLHOMY IIOTPAILISAHHI PaAlOHYKII/IIB B
opranism moaunu (38 - bkY);
M; — Maca i-ro MPOAYKTY XapuyBaHHs, IKUI MOTPAIUIL€ B OPraHi3M JIIOJIMHU
POTITOM J00H (KT);
AUj — nuTOMa aKTHUBHICTS i-T0 poaykTy Xxapuysanns (B - kr?) [1].

Ha ocHoBi moka3HMKa 1034 pafiamiiiHoro BmumBy Ha mgoauHy (Dy),
IHIMBIAYATBHUN palialliiHANA PU3UK JUIS JTFOJIMHA OOYUCTIOETHCS 32 (POPMYII0TH0:

r=Dy-1,, (50)
1e:

I' — IHIUBITyaIbHUN pafialliitHUN PU3KK JJIs JIIOAUHHY;

Dy — cymapHa /103a pajiiaiiiiHoro BIUIMBY Ha JIIOAUHY (3B);

Fe — KOCQIIIEHT 1HAUBIIYATIBHOTO PATIalliiHOTO PU3MUKY JJIsi HACEJICHHS,
YMOBHO NpHiHATHI B po3mipi 7,3 - 1072 - moauny™ - 387 (xapakrepusye
CKOPOYEHHSI KUTTS B CEpeAHROMY Ha 15 pOKiB 3a OAuMH HMOBIpHHUI
BUIIAJIOK CMEPTEILHOT0 3aXBoproBaHHs) [1].

AHani3 1HAUBIAYaTFHOTO PaMIaifHOTO PU3UKY IS JIFOJAUHM 3A1MCHIOETHCA 13
3aCTOCYBAHHSM WKAIU IHOUBIOYVANbHUX PAOIAYIIHUX PUSUKIB:
1. Mpu r < 10° ingusigyansHuii pagianiiHui PU3MK KAHIEPOTCHHOTO BILIUBY
JOCIIKYBAaHOTO PaiOHYKIII1y BBAKAETHCA YK€ HE3HAUHUM,
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2. SIkmo 10° < r <50 10° , To iHguMBimyanbHUIT pajialiiHMI PU3MK
KaHIIEPOTCHHOTO BIIMBY BBAKAETHCS IOIYCTUMUM;

3. V Bunanxy r > 5,0 107, inausinxyansHuil pagianiiiHui pu3HK KaHIEPOT€HHOTO
BIUTMBY JOCTIPKYBAHOTO PATIOHYKIIITY BBAXKAETHCS HEJIOMYCTHMHUM.

Ilopaoox euxkonannua pobdomu. HAcaMIEpe]] O3HANOMTECh 3 OCHOBHUMH
TEOPETUYHUMHU TIOJOXKEHHSAMHU 1 ¢dopMylaMd OOYHCICHHS 03 30BHIIIHBOTO
OTNPOMIHEHHS BiJ PO3CIAHMX B aTMocdepl Ta MONIMPEHUX Ha IOBEPXHI TIPYHTY
pPalioOHYKIIIIB, @ TaK0oX J03 BHYTPIIIHHOIO OINPOMIHEHHSA MpHU IHTAJIAMIHOMY 1
MepopaIbHOMY TOTPAIUBSIHHI PaJiOHYKIIIAIB B opraHi3M moguHu. [licis 1soro,
CaMOCTIHHO PO3B’SDKITh HUKYE 3a3Ha4eHi 3aBAaHHs. [1opsaoKk BUKOHAHHS KOXHOTO
1a00paTOPHOTO 3aBAAHHS, PE3YJIBTATH OOYNCIICHh Ta BUCHOBKH 3aIUIIIITh Y 30IIHT JIJIs
1abopaTOpHUX POOIT.

3asoanns 1. OOUUCHITH CyMapHy 03y pajiallifHOTO BIUIMBY Ha JIIOJAWHY 3a
nannmu Tabmunp 19 ta 20. [Tpoanami3yiiTe 1HAUBIAYaTbHUN paialliiHUNA PU3UK IS
JIOMWHU HA OCHOBI OOYHMCICHHMX IIOKa3HHWKIB 30BHIIIHBLOTO Ta BHYTPIIIHHOTO
OTNpOMiHEHHs. BUCHOBKH 3alUIIITh y 30IIUT.

Tabmuis 19
Pagio- Byy , Busy |
Bapianr | HyKJIix Ds, Av, | BB M- t (3B - mM® - rox
) (Mx3B) | (bk-c-M”) rox - B (rom;) 1. B
1 2 3 4 5) 6 7
1 905y 0,09 2,06 - 101 | 1,43-107° 2688 5,17 - 108
2 137Cs 0,07 2,18 - 10Y | 5,12 - 1010 5208 4,33 -10°
3 905y 0,04 2,36 - 101 | 1,83 - 1070 2328 5,42 - 103
4 BCs 0,12 2,28-10" | 57710 | 4824 | 4,12-10°
5 05y 0,05 2,21-10% | 1,64 -107° 7440 5,73 - 108
6 187Cs 0,08 2,12 -10% | 591 - 1070 2664 4,58 - 10°
7 905y 0,15 2,09 -10% | 1,75 - 1070 6840 5,92 - 108
8 137Cs 0,06 2,24 - 10 | 537 -107° 5784 4,89 -10°
Taomurs 20
. Panio- v, Bper i AU,
apramr Hy(l)c( J)]m (Mm% - rox?) | (3B - Bk?) (licgﬁl;;l (Bx/krt)

1 2 3 4 5 6

1 05y 482 8,29 - 108 1,2 1020

2 187Cs 494 1,51 - 108 1,3 784

3 05y 491 8,45 - 108 1,5 782
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[Tponosxenns Tadbmmii 20

1 2 3 4 5 6

4 187Cs 478 1,37 - 108 1,1 278
5 05y 475 8,77 - 10°® 0,9 311
6 137Cs 487 1,78 - 108 0,8 101
7 05y 471 8,94 - 10°® 1,2 77
8 187Cs 479 1,93 - 108 1,4 17

3asoanna 2. OOUYUCHITh IHAUBIAYAIbHUN padialliiHuil PU3UK Ha JIOAMHY 32
naaumu Tabimnp 19 ta 20. TlopiBHsiiTe OOuYMCIeHI JaHI 3 TMOKa3HUKAMH WKAIU
IHOUBIOYANbHUX PadiayiUHUX pU3UKie s TIOAUHA. BUCHOBKY 3alUIIITh Y 30IIIHUT.

Ananiz pesynomamis pooomu, 6UCHOBKU I 3axucm podomu’ NpoaHANIZyTe
0o0YHMCIIEeH] MOKa3HWKU CYMAapHOI J03M paaiallifiHOro BIUIMBY Ta PO3KPUHTE IX
BAXKJIMBICTD JIJIs1 IPOTHO3YBAHHS 1HAUBIIyIbHUX paialliHAX PU3UKIB JUJIS JIFOUHU.
[Topsimok po3B’si3aHHS KOXKHOTO 3aBJaHHS, pe3ylbTaTH OOYMCICEHb Ta BUCHOBKHU
3aMUINITh Yy 30WIMT i JabopaTopHux poOiT. 3axucT abopaTtopHOi poOOTH
CTYJIGHTOM 3/1MCHIOETHCA Ha MOTOYHOMY (SIK BUHSTOK Ha HACTYITHOMY) 3aHSTTI, 3a
YMOB HasiIBHOCTI B 30IIUTI BCIX PO3B’sI3aHUX 3aBJIaHb 1 BUCHOBKIB.

Konumponwni 3anumanns 01 nepegipku pe3yibmamie Ha6UaHHA

1.

2.

10.

Ha3BiTh OCHOBHI MOKa3HUKH, HA OCHOBI SIKUX OOYHMCITIOETHCS CyMapHa J103a
Pal0aKTUBHOTO BIUIMBY Ha JIFOAUHY.

Ha3BiTh OCHOBHI pajliOHYKJIIU, SIKI 31MCHIOIOTh 30BHIIIHIN pajiaiiiHui
BIUIMB HA OPraHi3M JIFOJWHH B MOBITPI 1 IPYHTI.

.Ha OCHOBI 4KHX OCHOBHHUX ITOKAa3HHUKIB 3IIACHIOETHCI OOYHUCIEHHS

30BHIITHBOTO OMPOMIHEHHS OpPTaHi3My JIFOJAMHU BCEPEINHI MTPUMIIIEHB?

. Ha3BiTh OCHOBHI PafiOHYKJIIIU, AKI (POPMYIOTH BHYTPIIHE pajialiiiHe

ONMPOMIHEHHS OpraHi3My JIFOJIUHU.

.Ha ocCHOBHI SKHWX TIOKa3HUKIB OOYHCIIOETHCSA J03a BHYTPIITHBOTO

OTMPOMIHEHHS MPH THTATALIINHOMY TOTPAIITHHI PaIIOHYKJIIIIB B OpraHi3mMm
JIFOTUHU?

. Ha3BiTh OCHOBHI MOKAa3HHKH, Ha OCHOBI SKHX OOYHCIIIOETHCS 1032

BHYTPIIIHHOTO  OMPOMIHEHHS  MpPH  MEPOPAITBHOMY  TOTpAIUISTHHI
PaAIOHYKIIIIIB B OPTaHI3M JIIOJUHHU.

. Ha3BiTh cHCTEMHY OAMHUII0O BHUMIPDIOBAHHS JO3U BHYTPIIIHHOTO

ONMPOMIHEHHS MPU MEPOPATLHOMY MOTPAIUIAHHI PaJIOHYKIIIIB B OpraHi3m
JHOVHM.

. Ha3BiTh MOKa3HHMKH, Ha OCHOBI SKHX 3JIMCHIOETHCS OOYMCICHHS

1HJIMBIAYaJIbHOTO PalialliftHOTO PU3HUKY JJIsI JIFOAUHHU.

. Ha3BiTh cHCTEMHY OAMHMIIIO BHUMIPIOBaHHS JO3M 30BHIIIHBOTO )-

ONMpPOMIHEHHA B MEBHUA MOMEHT 4acy BiJ pO3CIIHHX B artMocdepi
PaIIOHYKIIIIIB.

OxapakTepu3yTe  OCHOBHI  TMOKAa3HUKH  IMKAIA  1HAWBIIyaTbHUX
panianiifHuX PU3HKIB.
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JlonaTok 2

Koncrpykuis i npunnun poéotu go3umerpy MKC 05 « TEPPA-II» [5]

1. 3acanvna xapakmepucmuka 0o3umempy

Jlo3umeTp cTBOpeHuit y popMi MOHOOJIOKY, B AIKOMY
pO3MIIIEHI  JIETEKTOp  p- Ta  [-BUIPOMIHIOBAaHb,
CJIEKTpUYHA IUIaTa 3 CXEeMOK (OpPMYBaHHS aHOJIHOI
Hampyrd, 1UdpoBOoro OOYMCIEHHS, KEpyBaHHS 1
1HMKAaIIll1, @ TAKOXK €JIEeMEHTH JKUBJICHHS.

JlerekTop - 1 [-BUIIPOMIHIOBaHb IEPETBOPIOE
BUNPOMIHIOBAaHHSI B  TOCTIJOBHICTh  €JIEKTPUYHHX
IMITYJIbCIB, KUIBKICTh SIKHUX MPOMOpIIiifHA 1HTEHCUBHOCTI
BUMIPIOBAHOTO (3apEECTPOBAHOT0) BUITPOMIHIOBAHHSI.

@®opMyBaHHA  IMIOYJbCIB  AHOJHOIO  CTPyMY,
uuppoBOro  OOYUCIECHHS, KEpyBaHHS 1 IHJAMKAIl
3I1HCHIOETHCS 3a TAKOKO CXEMOIO.

e MaciITa0yBaHHS 1 JIHEapU3allisl 0OYHUCIIOBAHOT
XapaKTEPUCTHKHU JACTEKTOPY;,

® BUMIPIOBAHHS MOTY>KHOCTI €KBIBAJICHTHOI 103U
(OTOHHOTO 10HI3YIOYOTO BHUIIPOMIHIOBAHHS 1

nopir PE)KMg

TEPPA-NO

EK@TECT" (€ ©

Ro3nmerp-pagiomerp MKC-05 P20

MOBEPXHEBOI MIIJIBHOCTI TMOTOKY f-4aCTMHOK MUISIXOM BHUMIPIOBAHHS
CEpeIHbOI YACTOTH IMITYJIbCIB, K1 HAAXOASATh 3 BUXOAY ACTEKTOPY;

® BUMIPIOBAHHS €KBIBAJEHTHOI J03M (DOTOHHOTO BHUIIPOMIHIOBAHHS LUISXOM
BUMIPIOBAHHS 3arajbHO1 KUIBKOCTI IMMIYJbCIB, IO HAAXOJATh 3 BUXOIY

JETEKTOpY;

® BUMIpPIOBAHHS Yacy HAKOMWYEHHSI €KBIBAJICHTHOI /03U 1 pealibHOTO Yacy;
e (opMyBaHH4 1 cTabii3allisi aHOJHOTO CTPYMY JIE€TEKTOPY;

® KEPYBAaHHS peKUMaMU POOOTH T03UMETPY;
® B1J0OpaKeHHs pe3yJIbTaTIB BUMIPIOBAHb.

JI71st S)KUBIIEHHS JTO3UMETPY 3aCTOCOBYIOTHCS OaTapei 3 JIBOX €JIEMEHTIB THITY

AAA.
2. Koncmpykuia oozumempy

Kopnyc npunany 13 330KPYTIICHUMH KYTaMU CKIa/Ia€ThCsl 3 BEPXHBOI 1 HUKHBOT
Kpuliok. B cepenniii yacTHHI BEpPXHBOI KPHUILKU JI03UMETPY PO3TAIIOBAHA TMAHENb
1HUKAaIi, JIBOpPYY 1 TpaBOpyd HAJ HEIO — JBI KHONKH KEepyBaHHS POOOTOIO

A03UMETPY, a4y BerHII/I YaCcTHHI KPHUIIIKHU — T'YYHOMOBCIb.

B HWKHIN KpuIlii npuiaaay po3MIIIEHO BIIIJICHHS )1 €JIEMEHTIB KUBJICHHS,
a TAaKOXX BIKHO IJii BHUMIPIOBAHHS MOBEPXHEBOI HIIJIBHOCTI IMOTOKY f-YaCTHHOK.
BigaineHHs )KUBJICHHS 1 BIKHO 3aKPUBAIOTHCS BIJMIOBIIHUMH KPUIIIKAMHU.

Knonku «PEXUM» 1 «IIOPOI'» mpusHaueHi sl BKJIIOYEHHS JO3UMETPY,
BUOOpPY BIANOBIAHOTO PEXUMY poOOOTH 1 NPOrpaMyBaHHS IOPOTOBUX PIBHIB

CIpallbOBYBAaHHS 3BYKOBOi CUTHAI3allii.
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JIeTeKTOpoM 10HI3YIOUMX BHIIPOMIHIOBAHb € Ta30pO3PSAHUM  JHYHIBHUK
['eitrepa-Mriomnepa tuny CbM-20-1. Bin npusHadeHuil 1j1si JeTEKTyBaHHA y- 1 f-
BUIIPOMIHIOBaHb, TAPAMETPH SKUX BUMIPIOIOTHCS JTO3UMETPOM.

3. 3azanvui gioomocmi npo pobomy oozumempy

VY BUKIIOYEHOMY CTaHl JO3UMETP MepedyBae eHepro3oepirarndomMy pexkumi
po0OOTH, B AIKOMY MIATPUMYETHCS aKTUBHICTh TUIBKHU MIPOIIECY BITIKY peaIbHOTO Yacy
IIPOLIECOPOM.

B pesynbrati kKopoTkodacHoro HatuckanHsi kHomku «PEXXWM», mpouecop
NEPEeXOIUTh B aKTUBHUMN CTaH 1 MOJIA€ €JICKTPUYHUI CUTHAT HA (OPMYBAHHS CTPyMY
Hanpyroto 400 B, sxuit HeoOxinHuit 11t poboTt muminbHuka CbM-20-1. OnHovacHo
MPOLECOpP BKIIOYAETHCA B MPIOPUTETHUN PEXKUM BHUMIPIOBAHHS TOTY>KHOCTI
€KBIBaJIEHTHOI 103U (DOTOHHOTO 10HI3YIOUOrO0 BHUIPOMIHIOBAHHSA, PO WIO BIH
CUTHAJII3y€ MEPEXTIHHIM CBITJIOJIOAY.

O1iHIOI0YM IHTEHCHBHICTh IMITyJIbCHOIO TOTOKY BiJl JiuuibHuKa ['eitrepa-
Miosiepa, npoliecop aBTOMaTUYHO 33/1a€ IHTEPBAJI 1 11ara30H BUMIPIOBAHHS.

[TocnimoBHUM KOPOTKOYACHUM HATUCKaHHSIM KHOIIKH «PEXXUM)»
3a0e3neuyeThcsi BUOIP BIMOBITHUX PEKUMIB POOOTH JOZUMETPY.

Hatuckannsm kuomku «[IOPOI» y BiANOBIAHOMY peXUMi BUMIPIOBaHHS
IPOLECOp NEPEXOJUTh B PEXUM NPOrpaMyBaHHs 3HAUYEHb IOPOTOBUX pIBHIB
CIpaIlbOBYBaHHS 3BYKOBOI CHUTHAI3allii.

[Ipn koxxHoMy HaTuckaHHl KHOMOK «IIOPOI'» 1 «PEXUM» BkmtouaeThcs
M1JCBIYYBaHHA HU(PPOBOI IKAJIU J03UMETPY 10 5 CEKYH/I.

BumukaHHS J03UMETPY 3IIHCHIOETHCS HATHCKAaHHSAM 1 YTPHUMYBaHHSIM B
HaTUCHYyTOMY cTaHl KHONIKU «PEXKMM» nipoTtsirom 4 cexyH.

4. Bumiprosanusn nomyxcHocmi €K6I8AIeHMHO20 IOHI3yI04020
BUNPOMIHIOBAHHA ((DOHY Y-6UNPOMIHIOBAHH)

PexxuM  BUMIpPIOBaHHS  TOTYKHOCTI ~ €KBIBAJEHTHOI /103U  (POTOHHOTO
10HI3YIOUOTO BUIIPOMIHIOBAaHHS AKTHBI3YETHCS aBTOMATUYHO TICHS BKIIFOUCHHS
nozumetpy. [Ipu oMy, Ha IUPPOBOMY 1HIUKATOP1 BXKE HA MEPIITNX CEKYHIaX OYIyTh
BHUCBIYYBAaTHCS pe3yJbTaTH BHUMIPIOBaHb, SKI BiApa3sy HAJAIOThb MOXKIIUBICTh
OTEpPAaTUBHO OI[IHUTH pIBEHb J-BUIPOMIHIOBaHHS. [l0 OTpuMaHHS JOCTOBIPHOL
CTaTUCTUYHO OMPaIlboBaHoi 1H(opmarltii nudposuii iHAUKATOp OyA€ MUTATH.

TpuBamicTh CTaTUCTUYHOTO ONIPAIIOBAHHS 3aJCKUTh BiJ 1HTEHCHBHOCTI
BUNPOMIHIOBaHHS. OJIMHULSI BUMIPIOBAHHS TOTY)KHOCTI €KBIBaJEHTHOI J03M —
MK3B/To7 (MIKpo3iBepT 3a ToAauHy). st 00’€KTHOrO BUMIPIOBaHHS MOTYKHOCTI
€KBIBaJIEHTHOI /103U (DOTOHHOTO 10HI13YIOYOT0 BUIIPOMIHIOBAHHS I03UMETP HEOOX1THO
30pIEHTYBATH METPOJIOTIYHOK MITKOIO “+” B HANpPSIMKY JOCIIIKYBaHOTO 00 €KTY.
[Ipu 1boMy HEOOXIJHO MEPEKOHATUCH, 110 KPHUIIKA-PIIBTP 3aKPUBAE BIKHO, 32 SIKUM
3HAXOJAUTHCS BUMIPIOBAIBHHH TETEKTOP.

PesynpTaToM BHMIpIOBaHb TIOTYKHOCTI €KBIBaJEHTHOI JO3M BBAXKAETHCS
cepeaHe apupMeTHYHE IT'SATH OCTaHHIX BHUMIPIOBAHbL TICAS NPUIHUHCHHS MHTaHb
nudposoro inaukaTopy. KoxHuit 3apeecTpoBanuii y-KBaHT OyJe CYyIPOBOIKYBAaTUCh
3BYKOBHUM CHUTHAJIOM.
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[aTepBanu 1 giana3oHu BUMIPIOBaHb Oy1yTh BCTAHOBIIOBATHCH aBTOMAaTHYHO B
3JIKHOCTI BiJl IHTEHCUBHOCTI BUMIPIOBAHOT'O BUIIPOMIHIOBAHHS.

[Ipn HEOOXiJHOCTI ONEpPaTUBHOI OIIHKKA PIBHS BHUIIPOMIHIOBAHHS, IPOIEC
CTATUCTUYHOIO OMpallOBaHHA 1H(OpMaIlli MOXKHA MEpPEe3anyCTUTH MpUuMycoBo. [
I[LOTO HEOOX1JTHO HATUCHYTH 1 yTPUMYBATH B HATUCHYTOMY CTaHi MPOTATOM 2 CEKYH/
kHonKy «IIOPOI'». B pe3ynbrari BAKOHAHUX 1HUX A1 HAOJMKEHY OI[IHKY piBHS (GOHY
y-BUIPOMIHIOBAHHA MOXXHa Oyne 3aidcHutd npotsirom 10 cekyHn. Pesynbratu
KO)KHOTO BHMIPIOBAHHS PEKOMEHIYETHCS 3alMCyBaTH B CICIMIAJIBHUA 3O0IINAT
(mOCHITHUIIBKUN KypHAT).
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JlonaTok 3
Koncrpykuist i npuniun poéotu go3umerpy JAI1-5B [6]

1. 3acanvna xapaxmepucmuka 0o3umempy
Hozumerp HAII-5B mnpusHaueHun s
BUMIPIOBaHHS MOTYKHOCTI €KCITO3UIIIHHOT 103U
y-BUIPOMIHIOBAHHS, a TaKOX BHUSABJICHHS [-
BUMPOMiHIOBaHHS. [TOTY>XHICTh €KCIO3UIIIHHOT
703U y-BUIIPOMIHIOBAHHS BU3HAYAETHCA B
MUTIpEHTTeHaX 3a ToJAMHY a00 PEHTTeHax 3a
rOAMHY B TOYll, J€ PO3MIIIECHUN OJIOK
JETEKTYBaHHS MIPUIIAIY.

[Ipunan po3paxoBanuii Ha 3a0e3MEUEHHS
Jlana3oHy BHUMIPIOBaHb )-BUIIPOMIHIOBAHb BIJ
ot 0,05 mP/roxg no 200 P/rox 1 Mmexax eHepriii
Bix 0,084 M»sB mo 1,25 M»aB.

VY npunani 6 miggiana3oHiB BUMIpIOBaHb. BiTik TOKa3HUKIB 3/IIMCHIOETHCS 3a
IITKAJIOK0 3 HACTYITHUM MHOXKCHHSM Ha BIAMOBITHUN KOEQILIEHT I Jiana3oHy, MpH
[IbOMY OCHOBHOIO BB)XA€ThCSI IUISIHKA IIKAJIA, HAKPECIIEHA CIOJIONIHOIO JIHIEIO.

2. Iliozomoexa 0o3umempy 0o pobomu

Biakputu kpuiiky GyTiaspy, 03HaHOMUTHUCS 3 pO3TAITYBAHHSAM 1 TPU3HAYCHHIM
3ac001B KepyBaHHA. BCTaHOBUTH pydKy MepeMHKada Jiana3oHiB B MOJOXKEHHS «0»
(BUMKHEHO) 1 i1 €AHATH KUBJIEHHS. BCTaHOBUTH pydKy MepeMuKayva IiJi11ara3oHiB B
nojoxxeHHs «J» (koHTposb pexkxumy). B pesynbrari mmx Al cTpigka mpuOopy
MOBUHHA PO3MICTUTUCh B  PEKUMHOMY CEKTOpl. YBIMKHYTH  OCBITJICHHS
BUMIPIOBaJIbHOI WIKanu (rpu HeoOXinHocTi). [lepeBipuTy mpane3naTHicTh TPUIIALY:
MMOBEPHYTH €KpaH OJIOKY JIETEKTYBaHHS B TOJIOKCHHS «Yy», MIIKIIFOYATH HABYITHHKH.
BcranoButu mepemukad mijjiana3oHiB B mosiokeHHs «xOJly», npu 1ipomMy CTpiika
MiKpoaMIiep METPYy IOBHHHA BiIXWJIUTHUCh, a B HABYIIHWKAX NPOJIYHATH 3BYKH
MOTPICKYBaHHS. SKIIO HATUCHYTH HA KHOMKY OOHYJIHHS TMOKAa3HUKIB «X», TOJI
CTpiJIKa TpuiIaay MOBHUHHA OMWHUTHCH HA HYJIBOBIM TMO3HAYIN IIKAIA 1 MPUIIA]
TOTOBUH JI0 pOOOTH.

3. Bumiproseanus nomyxucnocmi 003u y-6unpomMiHI06aAHH

[ToBepHyTH €KpaH OJIOKY NETEKTYBaHHS B TOJOXXCHHS «y» 1 MpWiIaja MOYHE
¢bikcyBaTH TOTY)XHICTb [O3U Y-BUIIPOMIHIOBAHHS Yy MICII pPO3TalIyBaHHS OJIOKY
neTtekTyBaHHa. Ha migmiana3oHi «3» TMOKa3HUKH 3UUTYIOThCS 3@  IIKAJIOKO
Mmikpoammepmerpy «0-200». Ha iHmmx miggiana3oHax MOKA3HUKH 3UYHUTYIOTHCS 3a
mIKaJio MikpoamrepMeTpy «0-5», MOMHOXYIOThCS Ha KOe(ilI€eHT BiAMOBIIHOTO
I1J1/11ama3oHy.

4. Bumiprosanns nomyixcnocmi 003u f-6unpomini06anu

JInst BUSIBJICHHS [-BUIIPOMIHIOBAHHS HEOOXITHO MOBEPHYTHU €KpaH Ha OJIoIll
JETEKTYBAaHHS B MOJOXKEHHS «p». IliqHEeCTH OJ0K AETEeKTyBaHHS A0 JTOCHIIKYBaHOT
noBepxHi Ha BiActanb 1-1,5 cm. Pyuky mepeMukaua mifjaiana3oHiB MOCTYIIOBO
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BCTAaHOBUTU B MOJOXKEHHS «X0,1», «x1», «x10» m0 moyaTKy BiAXWJIEHHS CTPLUIKH
MIKpOaMIIEpPMETPY B MEKaXx IIKAIH.

[Ipn BCTaHOBJEHHI €KpaHy Ha OJOIll JETeKTYBaHHS Ha TO3UIII0 «pP»,
BUMIPIOETHCSI CyMapHa MOTYXKHICTh JO3U f- Ta y-BUIPOMIHIOBaHb. 30UIbIICHHS
BUMIPIOBAaHUX IIOKAa3HUKIB Ha OJHOMY 1 TOMY K Mijjlana3oHi B IOPIBHSAHHI 3
BUMIPIOBAaHHSIM )-BUIIPOMIHIOBAaHHS BKa3y€ Ha HasSBHICTh [-BUIIPOMIHIOBAHHS.
Pe3ynbTaT KOKHOTO BHMIPIOBAHHS PEKOMEHIYETHCS 3alMCyBaTH B CHEI1aIbHUIMA
30MTUT (IOCITITHAIIBKUN KypHAT).
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