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B npeubiUYDlHX pa6oTax HBMH uccneuoaanc" 3<\JtjleKTHBHbiil KBBHTOBbiil BbiXOU 'I KpeM-

HH9Bb!X ueTeKTOpOB SIUepHbiX '18CTHU C TOnCTb!M cnoeM 06'beMHOI"'O 38p1Ut8 ( KOMneHCHpOBBH

Hb!X nnTHeM) 
111

• YMeHbll!enue 'I a o6nacTH KOpOTKHX unuH aonH OO'bSICH>Inocb 6onbll!HM 

enusiHHeM noaepxHoCTHOll peKOM6naauuu a 3TOil o6nacTu cneKTpa 
11

•
21

• KaqecTaeHHoe, a He 

KOnl.P.t9CTB9HHOe COB118lt9HH9 3KCll9pHM9HT8nbHbiX H TeopeTH1.f9CKHX KpHBbiX npH a TOM CBR3bl-

BBnOCb C TeM, qTQ B pacqeTe He y'IHTbiB8nHCb HHB9pCHOI-IHb19 stBneHHH H CBSI38HHbl9 C HHMH 

HCKB>KeHH H aneKTplP.I9CKOrO non H. 

B nuTepaType onucaHbi cneuy10mue MeTOJ.<bi uccneuoaaHHSI HHaepCHOHHbiX cnoea 

a p -n nepexouax c ll!HpOKHM cnoeM o6'beMHOI"'O aap~Uta: 

1. HaMepeHHe pacnpeuenei!HSI noTenuuana no Topueeol! nonepXHOCTH P -n 

MeTouoM au6pupy10mer'o 30HJla 
131

• 

nepexoua 

2. HaMepeHlle pacnpeueneHHSI noTeHuuana nocpeucTBOM aneKTpoMeTpH'<eCKHX npu6opoa 

( c O'<eHb Bb!COKIIM BXOUHbiM conpoTHaneHHeM) 
141

• 

3. Hayqeaue aaaHCHMOCTll <jloToToKa (x) npu ocaemeHHH nepexoua O'<eHb yaKoll 

nepeMema!Omel!cn nonoCKOJI caeTa. 3ToT MeTou 6bm anepBbie npHMeHeH XpucTeHCeHoM
151 

B 1964 1"'. UnSI I!CcneUOB8HliSI KaHanbHb!X RBneHHll ll C TeX nop ony6nHKOBaHO MHOI"'O pa60T1 

16 7 I x) 
I"'Ue OH npHMe!ISinCSI ' • 3TO MeTOU T8K>Ke 6b!n nono>KeH B OCHOBY Hamel! pa60Tbl, 

0t:tH8KO, Mbl HCfl01Ih30B8nH MOHOXpOM8THt:I9CKHfi CBGT O.BYX ,O,llHH BOnH, COO'l'B9TCTBYlOlllHfi 

o6'beMHOMY H noaepxnocTHOMY B036y>KueHHIO nap HOCJ!Tenell. CJ<eMa ycTaHOBKH npeucTaaneHa 

Ha puc. 1. OT naMnbi naKanuaanH>I caeT qepea oTpa>Ka!Omee napa6onuqecKoe aepKano nona

uan Ha cneKTpo<jloToMeTp C<l>-4. BbiJ<OUS!lllHll H3 npu6opa MOHOJ<poMaTH'IeCKHll caeT Mouynu-

poaanc" c f •150 I"'U H nonauan Ha yaKy!O menb, aa KOTopoll pacnona!"'ancSJ o6paaeu. 

Wupuna oceemaeMoll nonocbi cocTaanswa aenH'<liHy 0,05 MM. MHKpOMeTpH'<eCKHe ycTpoll

CTBa noaeonSJnH nepeMemaTb o6paaen H pel"'ynnpoaaTb ll!HpHHY menu c 6onbwol! TO'<HOCTb!O. 

Ill 
KaK 6bino noKa3aHo paHee , npu ocaemeHHH noaepJ<HOCTH ueTeKTopa caeToM, c unH-

Holl aonHbi >. •1075 HM a i o6nacTH npu none E > 20000 aiM npaKTH'<eCKH Hecyl!leCTaeH

Hbi HH DOBBpl<HOCTHaSI, HH 06'beMH8SI peKOM6HH8Ullll, II a<l><!>eKTHBRb!l! KB8HT0Bb!ll Bbll<OU paaeH 

eUHHHUe. noaTOMY 06'beMHb!l! <j>OTOTOK Upll aTOll unuHe BOnHbl S!BnsteTC st K8K 6b! a6con!OTHOil 

l<) 3TOT 18 I MeTOU DpliM9HstnCst TBK>Ke B Unst onpeueneHHst TOnlliHHbl -o6nacTH 
neTeJtTopos, 
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CBeTOBOII XapaKTepHCTHKOA neTeKTOpa H HCnOnbayeTCH Un!l rpauyspOBKH KpHBOII C UOBepx

HOCTHh! M B036y>KUeHlleM ( A • 600 HM 0 'leMy COOTBeTCTByeT rny6HH8 nornomeHHH CBeTa 

-3 
B 2•10 M M). nn!l K8 >KUOro o6pa3U8 H3MepHn8Cb 06'beMH8!1 H UOBepXHOCTH8H KpHBb!Q <jloTo-

TOKOS UpH p83Hb!X 3H8'1eHHHX HaUpii)KeHHH0 npHnOlKeHHOrO K 06p83UY ( OT 20 UO 140 B), 

11ccnenyJOmHecg B nauuoll pa6oTe nosepxuocTHble HsneHHB 6h!nH nony'leHhi nocne cneay10-

IUHX o15pa60TOK UOBepXHOCTH n - i - P -CTpyKTypb!; 

1 ) TpasneHHe s cp - 4 

2) TpasneHHe B CMQCH HNO 3 : HF = 10 : I ; 

3) TpasneHHe s CMeCH HN0 3 ; HF • = 1: 10 ; 

4) ol5pa60TK8 UOBepXHOCTH AHXpOM8TOM UOCne TpasneHH!I B c p - 4 ; 

5) 38IUHT8 nosepXHOCTH HeKOTOpb!MH XBnbKOreHHAHbiMH CTeKnBMH i 

6) 38IUDTB nosepXHOCTH HeKOTOpb!MH KpeMHHII-opral!H'IeCKHMH naK8MH, 

CnenyeT OTMeTHTb, 'ITO Tpasneuse neTeKTopa ~mnHeTCB nnoxo ynpasngeMbiM npoueccoM. 

npu TpasneHHH 6-8, K838nOCb 6bi, 0UHH8KOSbiX 06pa3 UOB UO n,n,1-3 BCerna HMeeTC!I 6onb

WOII pa36poc no BenH'IHHe o6paTHb!X TOKOB H COCTO!IHHIO UOBepXHOCTH B KBJKAOII napTHH, 

T8K 'ITO pe'lb 6ylteT HATH 0 H8H6onee THUH'IHb!X peaynbT8T8X, Ba>KHO H TO, 'ITO UpH nepe

Tp8BnHS8HDD o6paana scerna nony'IBIOTC!I HHhie peaynhT8Tbi, 'leM npu nepsoM Tpasneuus, 

naJKe a cny'lae, ecns &To TpasneKHe npoucxoaHT 'lepea anuTenbuoe speMB nocne nepsoro. 

11TaK, paccMOTpHM KPHBbie <jlOTOTOIUl npu pa3nH'IHbiX o 6pa6oTKax nosepxuocTH neTeKTOpa. 

nocne TpasneHII!I B cp -4 UOBepXHOCTH8!1 KpHB8!1 HMeeT M8KCHMYM sl5nH3H rpaHHUbl 
+: 

i - p • 3TOT M8KCHMYM npBKTH'IeCKH He paCTeT B SbiCOTy H nHWb pacmHp!leTCH UpH ysenH-

'IQHHH npunoJKeuuoro K o6paany uanpg>Keuug (puc. 2a). Ha 6onhmuucTse o6paanos, Tpasne -

Hb!X B cp - 4 , M8KCHMBnbHb!e 3H8'1eHHH nosepXHOCTHOrO <jloTOTOKa: 1) He 38SHCHT OT H81Ip9-

lKeHHlli 2) He MeHIIIOTC!I OT o6pa3U8 K o6paany. nosTOMY 6binO npennon<liJ!eHO, 'ITO M8KCH

MBnbHblll <jlOTOTOK COOTSeTCTsyeT nonHOMy C06Hp8HHIO HOCHTenell, reuepHpyeMbiX HB nosepx

HOCTH, !1CXOAH H3 &Toro, M8CWT86 UOCTpOeHD!I o6'beMHOrO H nosepXHOCTHOrO B036yJKAeHHll 

15bln Bb!6paH T81tHM ol5pa30M, 'ITO STH KpHSble cosnanaJOT s ol5nacTH MaltCHMYMB nosepx-

HOCTuoro <jloToToKa. B cny'lae npyrux nosepxHOCTHbi X ol5pa6oToK, xoraa He HMeno MecTa 

nonuoe co15spauue uocuTenell uaJKe s MBKCHMYMe <jloTOToKa, Kpusas nosepxHocTuoro <jloTo-

TOKa oxaablsanacb HH>Ke, H pacxo>KAeHDe xpi,!BbiX smn11nocb xpHTepHeM senH'IHHbl nosepxuo-

CTHOII peKOM6HH8UHH. 06paTHb!Q TOKH AeTeKTOpOS J ol5p (s TeMHOTe) U01<.838Hbl H8 rpa-

<jlHK8X, 

B npouecce xpaHeHH !I o6paTHblll TO!t neTeKTOpOB, K8K npasuno, ysenH'IHsaeTCll. npu 

&TOM M8KCHMYM H8 n osepXHOCTHOl\ KpHSOII ( pHC, 26, ol5pa3eU N> 9) 38MeTHO paCWHplleTC!I 

co speMeHeM. TaKHM nopaaoM, 'lame scero Ol!:83blsaeTCH, 'ITO Manb!ll ol5paTHblll Tox neTeK

Topa CSH38H C TeM , 'ITO Mana ol5nacT'b, H3 I!:OTOpOII &TOT TQK &<jl<jleKTHSHO C06Bp88TC!I, 
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Ha o6pa3uax, TpasneHHbtX no n.2, KpHBbre HepenKo HMeroT san, a3o6palKeHHbtll 

aa pac. 3a. Banao, ..-ro o6'beMaaa KpHB8H <j>oToToKa HMeeT aaoMallbHO MenneHHblll cnan 

+ 
B p -06118CTH, 8 nosepXHOCTHble KpHBbl9 HM910T B aTOll 06118CTH M8KCHM81IbHOe 3H8'19HH8 

+ 
cpOTOTOK8 j BCe aTO rOBOpHT 06 o6p830B81U!H MOUIHOrO nosepXHOCTHOrO K8H8118 B8 p 06118-

CTH. 06paTHbrll TOK aToro o6pa3ua, OL!H8KO, aeseliBK. DpB xpaHeHBH o6pa3ua 'lepe3 HeKo

Topoe Bp9MH K8H81I HC'I9389T ( pHC, 36), o6p8THb!l! TOK npB aTOM nO'ITH H9 M8HH8TCH, Dpen

CT8B119BBbl9 H8 pHC, 2 B 3 noBepXHOCTBble JtpHBbl8 B nepBOM npH61IHlK8BHH MOlKHO 06'bSICBHTb, 

'ITO o6pa3yeTCH HHB9pCBOHHblH CIIOH n -THna H8 i -06118CTH ( pHC,2 

H 36), HIIH H8 a p -o6nacTax {pac. 3a). CTpyKTypa o6enHeHHoll o6nacTH aeTeKTopa 

H pacnpeaenerme aKBHnoTeauaaneli HMeeT npa aTOM BHil, H3o6paJKeHHhrll na pac. 4a H 46 . 

To'lnaa xapTHHB pacnpeaeneHHH SKBHnoTeanaaneli 38BHCHT oT conpoTHBneHHB HHBepca-

OHHoro cnoH: ecnB OHO Mano, TO nanenHe nanpB*eHHB na noaepxHOCTH i -o6naCTH 

( BllOllb HHBepCHOHHOrO Cnoa) 6nH3KO K Hynro, H B 3TOM cny'lae 9KBHnOT9HUH811b V ~ Q H8 

+ 
noBepXHOCTH 0'19Hb CHnbHO CM9!119H8 B CTOpOHY p -o6naCTH. Ecna conpoTHBneHHe HHBep-

+ 
CHOHHOrO CnOH yaenHqHB89TCH1 TO 9T8 3KBllllOT9HUH8Jlh CM9lll89TCH B CTOpOHy o6nacTH, 

C OBn81l8H C Hell B OTCyTCTBHe llltBepCHH, (CneuyeT OTM9THTb 0 'ITO Tp8KTOBK8 KOMneHCHpo

B 8HHOH o6n8CTH K8K -o6n8CTH onp8Bil8H8 TeM, 'ITO npH ~anp HlK8HHHX CM9!119HHH ::. 20 B 

cnoR 06'beMHOro 38PHil8 (Bil8nH OT llOBepXHOCTli) 38HHM88T np8KTH'I9CKH BC!O KOMneHCHpo

B8HHY!O o6naCTb ) • 

Ma118H BenH'IHH8 o6paTHOrO TOKa Ha o6pa3UaX C CHnbHblMH KaHanaMH, no-BHilHMOMy, 

CBH3aHa C T eM, 'ITO npH CllllbHOll HHB9pCHH Ha noBepXHOCTH CKOpOCTb nOB9pXHOCTHOii peKOM-

6HHaUHH a reHepauHH oKa3btBaeTca Manon. YMeHbmeaae KaHanoa aa o6pa3ue N. 5 {pac . 3) 

H yaenH'I8HH9 o6p8THOrO TOKa H8 o6pa3U8X THnB J'l. 8 ( pHC, 2) MOlK9T 6b!Tb 06'bHCH8HO, 

ecnn npeanonolKHTb, 'ITO HHBepcHOHHbtli enol! yMeHbmaeTCH co speMeHeM xpaaeHHB. Yae-

naqeane o6p8THOrO TOK8 {pHC, 2), nQ-BHiliiMOMY, CBH3aHO C yBenH'I8HH9M p83MepOB o6nBCTH 0 

H3 KOTOpoli C06HpBeTCH o6paTHblll TOK (H MOlK9T 6b!Tb TaKlKe C ysenH'I9HH9M noae pXHOCTHOll 

peKoM6aaauHH aa i -o6nacTH). H a aeKoTopbrx o6pa3uax ( pnc. 5) MaKCI!MallbHoe 3HB'Ieaae 

o6p8THOrO TOKB npeBOCXOUHT rpaayHpOBO'IHY!O 06'beMHYIO KpHBYIO H ysenH'IHBaeTCH npH yBe

n!i'19HHH HanpHlK8HHH, 06paTHblll TOK npH STOM Beni!K H H9CT86H118H, Do-BHUHMOMy , HHBep

CHOHHble CnOH npH STOM TBKOBbl, 'ITO HM98T MeCTO noBepXHOCTHbtl\ r:po6ol\ H p83MHOlK8HH9 

HOCHTenefl B o6naCTH CHnbHOro nona, 0nHBKO TBKHe o6pa3Ubl , rne HBHO 6btn Bblp8lK9H no

BepXHOCTHblH npo6ol!, BCTpe'IB!OTCH OTHOCHTenbHO peaKO, DpH xpaHeHHH TBKOrO o6pa3U8 

MBKCHManbHOe 3H8'18HHe noaepXHOCTHOrO cpOTOTOKB yMeHbWHnOCb UO ypOBHH 06'b9MHOll KpH

BOil, nnBTO p8CWHpllnOCb OiSbl"IHblM o6pa30M, a o6paTHb! l! TOK yMeHbWHnCH, 'ITO CBHU8T91Ib

CTByeT 06 HC'I93HOB9HHH nosepXHOCTHOrO npo6os. 

06p83Ubl 0 Tp8Bn9Hbl8 B TpBBHTen'IIX C 6onbWHM coneplK8HH8M nliBBHKOBOll KHCIIOTbl, 

06bt'IHO HM9JOT CHllbHble KBHBnbl H 60llbWOl! oiSpaTHblH TOK, MeaneHHO yBenH'IHBB!OUIHiiCH 
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CO 8peMeHeM non HBnpH*eHHeM, ~0 C8HAeTenbCT8Y9T 0 cymeCT80BaBBH HOHHOA np080AH

MOCTH HB no8epXHOCTH neTeKTOpa (pHC, 6), HHSepCHOHB~ll cnoll anecb oqeHb HH3KOOMB~A, 

no3TOMY ~H8~e no8epXHOCTBOCTHOrO ~OTOTOKB HB 3H(lqHTenbBOM yqaCTKe napannenbB~ 

OCH X , 

HaTepeCHbie peaynbTBT~ nonyqunach aa o6paanall, o6pa6oTaHHblX nocne TpasneHHH 

8 nuxpoMaTe HaTpHa (pac. 7a u 76), Ha o6paane N.> 30, KOTOp~A o6pa6aT~sanca KBn~ 

mHM AHXpOM8TOM 8 TeqeHHe 10 MHH (pHC, 7a), HH8epCHOHHble CilOH, no-8H11HMOMy, He o6-

p830881lHCb, aaTo 8emiKa no8epxaoCTHaa peKoM6uuanHR. KpoMe Taro, ~opMa no8epxaocT-

HhiX I<pu8wx noa8onaeT c~tenaTb npe~tnono*euae, qTo llllHHa nponeTa 8 none AllH aneKTpo

H08 L n aaaquTenbHO 60nbllle AllHHbi nponeTa llllH llbiPOit L p , T,e. L 
0 

>> L p , TBI< KBK 

+ 
H8 rpaHHUe i - p np8KTH'IeCKH ReT noTepb OT n08epXUOCTHOll peKOM6HHBilHH, 06p8THblll 

TOK aToro o6paana aaaquTenea, 'ITO cornacyeTCH c npennono*eaueM o aaaqaTenbaoA 8ena

quue no8epxuocTuol!. peKoM6Huanua. Ha o6paaue N2 17, o6pa6oTaHHOM KHnHmHM naxpoMeTOM 

8 TeqeKHe 1 '18C8, o6paTUblll TOK 6blll T81t 8enBK, qTQ erO He803MO*HO 6binO H3MepHTb, 

KpH8bie, CHHTbie npaMepuo qepea MeC!Ill nocne xpaueHHH (pac. 76) 1 C8HAeTe:U.CT8yeT o6 

O'leHb 60nbliiOll 8enH'IHHe CKOpOCTH n08epXHOCTHOll peKOM6HH8UHH, 06 3 TOM *e r080pHT 

H BOnhTBMnepuau xapaK~epHCTHKa o6paana. Anu coanauuu cTe6HnbHOll so 8peMeuu noaepx

HOCTH '18CTb o6p831l08 noKpb1881l8Cb HeKOTOpbiMH KpeMHHil-opr8BH'IeCKHMH ll8KBMH H X8nhKQ

reHHAHbiMH CTeKil8MH, npH H8nbiileHHH X81lbKOreHHI10B H8 CB9*enoTp881leHHyiO 8 C p -4 no-

8epXHOC Tb nonyqanacb KpHBbie, npeACTaaneuuwe aa pac, Sa. 06paTuwll TOK npH aTOM 

8enuK u uecTa6anea, XapaKTep KpHBbiX ro8opHT o ToM, 'ITO B ABHHOM cnyqae B03HHK au-

aepcnoHHbili cnoll p-THna H HMeeT MecTo no8epxaoc THbi ll npo6oll . Ecna xanbKoreuunuoe 

CTeKilO HBnbinHeTCH HB llOilrO nelKB8liiBll Hllll MUOrOKp8TIIO nepeTpB81l911U~Il o6paaen, TO 

no8epXHOCTHOrO npo6ou He HBCTyneeT, OOp8THblll TOK HM eeT 06bi'IHYIO aellH'IHHy, XOTH HH

aepCIIOHHblll p -cnoll, no-BIIAHM O>.')', o6paa y eTCH, 

HuTepeCHbie peaynhTaTbi nonyqunucb TBK*e aa o6paanax, aamameHHhiX nocne Tpaane

HHH B cp -4 KpeMHHll-opr 8HH'IeCKHM ll8KOM (pHC, 86), KeK BHAHO, HB TBKIIX o6pa3UBX 

o6pa3yiOTCH 0'19Hb CHilbHbl9 HHaepCHOHHble CllOII H KllHBilbi, OAH8KO o6p8THblll TOK M81l H 

oqeub cna6o 388HCHT oT uanpulKeuaa. Ha ~opMa Kpaaoll, HH auaqeuue o6paTuoro TOKa 

89 MeH!I9TCH CO apeM9H9M, 0.UH8KO H9.QOCT8TKOM TeKOA aamHT~, KBK H 8CHKOll Apyroll, 

CBII38HHOI1 C o6pll30BBHHeM UUaepCHOHHhlX Cll09B 1 HBil!I9TCH HCKBlKeHHe llHRHll aneKTpii'I&

CKOrO nonu y noaepxuocTu ua paccTouuae (no panaycy) paauoe • Tonmane i -cnou, 

3TO npHBOAHT I< yaellH'IeHHIO ap9M9HH C06HpllHHH HOCHTenell, 'ITO CBH38HO C YM9Hblii9HH9M 

BMilllHTYAbl HMnyllbC8 o •r '18CTHUbl, ecnH HMnynhC TOKQ He IIOilHOCTbiO 38HHTerpHpOB811, 

0TM9THM 3.Q9Cb, 'ITO H8 06beMHblX KpHBblX llOilrO ll9lK8Bl'IHX o6p83UOB B03HHK89T 

+ 
•aasan• a6nH3H n 

nacTb (puc, B). 

- nepeX0/18, CBH38HHblli, llQ-BII.QHMOMy, C .QH~Y3Hell llHTIIH B i -06-
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!13 npO!l9llaHHOil paCSOTbl MOlKHO C!lenaTb Cll91lYIODlH9 npaKTH'I9CKH9 BbiBO!lbJ: 

1) 'lame acero MHHHMallbHbill ot:SpaTHblll TOK nonyqaeTCR a TOM cny'lae, xor11a Ha no

aepxHOCTH oCSpaaua a npouecce TpaaneHHR ot:SpaayeTCSI aaaepcHOHHblll enol! a nexTpoaaoll npo

B O!lHMOCTn. 

2) YaenH'I9 HHe oCSpaTHoro TOKa npH xpaHeHHH oopaaua MOlKHO HHTepnpeTHpOBSTb KSK 

peayllbTST yaenH'leHHSI nnoma!lH, c KOTOpoll a¢¢eKTHBHO co6upaJOTC51 reHepupoaaHHbie noaepx-

HOCTbiO HOCHT9llll 0 H3-3a yM9HbW9HH!I HHB9pCHOHHOro cnoSI n -THrra. 

3) 0op830BaHHe 60llbWHX K8H8liOB HS liOB9pXHOCTH H e npHBO!lHT K Cyme CTB9HHOMY 

YB9liH'I9HHIO OopaTHOrO TOKa, liQ-BH!lHMOMy, H3-38 YM9HbW9HH51 CKOpOCTH noaepXHOCTHOJ! 

p e xoMCSHHaUHH H reHepanHH. 

4) 3amHTa lJOB9pXHOCTH XallbKOrSHH!lHbiMH CT9KllaMH npHBO!lHT K oopa30BaHHIO HHBep-

CHOHHOrO CliO!! p -'I'Hna H K liOB9pXHOCTHOMY np06010 ( H3 CB9lK9llpHrOTOBll9HHbiX oopa3-

uax), HnH npocTo K o6paaoaaHHJO p -THna Ha !lOnroneJKamux o6pa3uax. 

5) 3alllHTa liOB9pXHOCTH Kp9MHHil-opraHH'l9CKHMH lJaKaMH npHBO!lHT K o6pa30BaHHIO 

MOIIlHblX KaHaliOB Ha liOB9pXHOCTH, O!lHaKO o6paTHb!Jl TOK Mall H· CTa6Hll9H BO Bp9M9HH. K He

!lOCTaTKSM 3 TOrO M9TO!la 3aUlHTbl OTHOCHTCH 3aBHCHMOCTb llliHT9llbHOCTH HMliYllbCa TOKa 

Dap HOCHTenell, C03!laHHblX 'laCTIIU9ll, OT MQCTa 99 nona!laHIISI B6liH3H Kpa!l !l9T9KTOpa. 

Cne11yeT OTMeTHTb, 'ITO Tpy!lHO Bbi!laTb onpe!leneHHbJe pexoMel!llaUHH OTHOCHTellbHO noaepx

HOCTHoll oCSpaOOTKH, !laJOIJlell MHHHMallbHblll o6paTHbiil TOK, B CBSI311 C T9M, 'ITO: ao-nepBbiX, 

npH O!lHOM H TOM lK9 Tp8Bll9HHH nonyqaeTCSI 60llbWOil pa30pOC xapaKT9pHCTHK ll9T9KTOpOB; 

ao-aTopbiX, noaepxHOCTHble caollcTaa o6pa3ua CHllbHO MSHSIIOTCSI co apeMeHeM. HcHo, 'ITO 

npo(SneMa paUHOHallbHOro TpaBll9HHSI H 381JlHTbl llOlllKHa peruaTbC!I COBM9CTHO. 

B 3aKnJO'leHHe BblpaJKaeM 6naro!lapHOCTb 3a HHTepec K pa6oTe ~.K.AxHMoay, 

A.I1.KanHHHHY H s.n. OcuneHXO, a TSXlKQ n.A.EpMOliHHOil 3a liOMOIIlb B liO!lrOTOBXe o6paa

UOB H npOB91l9HHH H3M9p9HHII. 
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fcp 

100 

50 

10 

o I-U =2o6 
x 2-u =so~ 
A .3·U =906 
• 4·U = 50~ 

7 8 

). =600HM 1b~ =4,5MHa. 
). =600HM 1oOp : 7 MKa. 
ft. =SOOHM roop = 9,5M~<a. 
:A=1075H/If 

14 15 16 f7 /8 19 20 21 22 23 24 25 G(MM} 

Puc . 26. 06paae11 M 9 qepea 10 naea nocne TpeeneHHH e cp- 4 . 

of- U=206 
x2-U=SD6 

·U =11,()6 
•4-u ;so6 

4 

lt =600HM roop=0,9Mf<a 
'A =sooHM roop = t,BMf(Q. 

foop =4,8MKa 
A=1075HM 

S 0 I 2 3 4 S 6 7 8 9 10 II 12 13 14 15 It 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 Ci(MM) 

Pac . 3e, 06paae11 N<! 5 cpaay nocne TpeaneHHII s c Meca HF : HNO 1 1 : 10 • 

~----------~~~r-- --
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rep 
100 

5() 

10 

o 1-U=20~ 
x 2-U =50fJ 
• 3-u =sotJ 
•4-U=50~ 

~ =600HM fO~ =2.8MI<a. 
)., =600HM foOp =4.6fr1Ka 
J.=600HM foOp =8MHa 
~=1075HM 

4 

2 3 * 5 6 7 8 9 10 II 12 13 '" 15 16 17 18 19 20 21 22 23 21, d (MM} 

PHc, 5 . 06paaen Nil 4 cpaay nocne Tpaane HH!I a cp-4. 

of-U=20~ :A=600HM 'JoOp=36MI<a 
)( 2- u=so6,' A. =600HM ToQ!J =SOM~<a 
.t. 3- U = 908, .i\ = 600HM Toop = 60 Ml<a. 
• If- U =506 A= 1075HM I 

5
0 2 3 4 5 6 7 8 9 10 If 12 13 14 15 16 J7 18 /9 20 21 22 23 24 25 26 27 28 29 30 ti(MM) 

Pnc. 6 . 06p,aaen N' 24 , TpaaneHbi ll a Tpaar!Tene c 6onbwnM conepJKaHHeM nnaaHKOBOl·, KHCJIOTbi , 

s~I~~--L-~-LZ~~~L_~-L~--L-~-L~~L-~~-L~--L-~·--·L-~·~·--· 
0 J 2 3 4- 5 6 7 8 9 10 If f2 /3 fir 15 /6 f7 /8 /9 20 21 22 23 2J.r 25 d(MM) 

Pile. 76. 0 6paaeu N9 17, nocn e Tpaan eHHSJ a cp -4 KKD SM'HllCSI B .o.HxpoMaTe HBTpHSI a T et.teHue 1 t.taca. 

( K pnBbie CHSIT b! qepea c MeCSIU nocne KHIUit.teHHSI). 



1cp 
100 

50 

{0 

10 

of-U=20~ f..= 600HM 1oOp=21YTHa 
X 2-U. =so!J }.. =600HM roop=4,21Y1Ha 
•3-U.=90!J 1.. =600HM foOp=8MJ<a. 
• 4- U. = SO!J J\ = I075HM 

Pnc, 7 a . 06paaen N<! 30, n ocne Tpasnennsr B cp -4 KHnsrTnncsr s nnxpoMaTe naTpnsr s Te'!enne 10 MHH, 

0 t·U.=20~ A =600HM rotfp= 13MKa 
X 2-U=S06 :A=600HM 1Mp=26,3M 
& 3·U :~806 }. =6001-/ftl ro6p=43MKa 
• 4 ·U =SD6 A= 1075HM 

5 OLIL__2!__3J._It..L-15_l.6~7~8~9=-t~O-I~I-;t2~13-;-:,IJ.,.~I5~f,:;;'6-l-:;7~18~19~20~21~2~2 ~2?33~2?it'it~2~5~d(MM) 
T e HST pHH B Teqe HH e 1 qaca . 

P uc . 76. 0 6paaeu l\~ 17' nocne Tpaanemut B cp - 4 KHnsrruncsa n .O.HXpOMS 

( K pHBbJe CHSITbt tt epea c MeCSIU nocne KHrHPt e HHSl ) . 

P Hc . 86. 0Gp r.3~'· 1l };f' 6 uocne Tpaan t?Hnst a cp - 4 H uocneAyHJwe~'! 3D.lUHTbl KpeM Hnti-opra HHY eCK lfM naKo~1 . 



rep 
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rep 
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50 

10 

o f-U=206 J...=500HM :foap =tl,5/11Ha. 
x 2-U = 506 ll : 600HM J"oOp = 23_5Mt<a 
• 4 -U =506 A : J075HM 

Pnc . Sa. 06paaeu N~ 28 , nocne Tpasnemtsi a cp -4 
11 nocneayiOI.llero na n b! IICHU SJ XBllbKoreHuauoro CTeKna. 

o t -u =206 
x2 -U=SO!J 
• 3 -U= 6S!J 
G4 -u =so6 

u =1006 
u =2(](}0 

• 

A =600HIY1 
J..=600HM 
"A =600H/'Ii 
A.:/075HM 
'foop =3,5MHa 
Toop=SM~<a. 

P Hc . 86. 0 Gp ft3r· H ,.:- 6 uocne Tpa.Bn eHHH e cp - 4 u uocneayiOweH 3<HUHThl KpeMHH li-opraHHl.f eCKHM IIBKOM. 
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PRe. 9 . KpHnhle o6DeMHoro ¢oTOTOKB: .anst o6paaua N£ 9. 
1. nocne H3rOTOBneHH5t 06paana . 2. nocne X pB:HeliHSI B TetteHH9 3 MeCSllleB. 


