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K aacTomneMY speMeua nonasng~mee 6onbmHncTso csepxnposonmnux conenounos 

H3roTosneHbT H3 cnnasa Nb- Zr c coQep>KaHBeM Zr MeHbme 50%
11

•
2

•
31

• 3To 

06'bRCHR8TCR TeM, 'ITO Y 3THX cnnaBOB B XonOQHOQOQJOpMHpOBaHHOM COCTO!I.IIliH KpHTH'IecKasr 

nnOTHOCTb TO!CA• ic, B nongx 30-40 KI'C COCTa811HeT (5-8)•10
4 

a/cM
2 14•51• TepM006pa-

60TKa aTHX cnna808 npH80QHna K CTOnb 6onhmHM TOKOBblM aecTai5HIIhBOCT<rM, 'ITO npHMeae-

/6/ 
I!He HX 8 Ol5bl'IHb!X coneHOHQaX 01<83bl8111l0Cb H8803MOlKHblM • Y X0110lli!OJ18QJOpMBpOBai!BbiX 

cnnasos Nb - Zr HB OCHOBO Zr ic ropa3no JilllKe, a sepxaee KpRTH'IecJ<oe none ro-

pa3QO 8b!W8, '18M y cnnaBOB H8 OCHOBe Nb 17,8/ 

OnnaKO, I<B.K 15bTnO DOKa38HO s
19

•
101

, C nOMOmbiO cneHH8nhHOl! TepM006pa60TKH 

3THX Cnna808 MOlKHO y8enK'lHTb 8 B&CI<Onbi<O )18CSlTKOB pa3, DpH'lOM H8CTa6HnbHOCTII 

npaKTH'I&CKH OTCYTCT8y10T. 3To CB!I3aHO C TOM, 'ITO OIITXManhHb!M QnSI 3THX cnnaBOB !IBnSI

BTCSI HH3KOTeMnepaTypHbll! OTlKHI' (400-5()()°C), npH I<OTOpOM 8bl)1eneHHSI, CTa6HnH3HpyK>-

. /11,12/ 
lllRe lc I B&CbMa M8ni<OJ1HCDepCHbl. 

B HaCTomnel! pa60Te OnRCAH MBI'HHT, COCTOKmRl! B3 KOM6XaanHR CsepxnpOBOJ1!Uii8I'O 

conesoana H napbl non~Hb!X aaJ<oae'IRHI<08, scTasneaRh!x 8HyTpb. MaraxT npenaa3Ha'lea 

ana H3MepeaRR KpRTR'IOCI<RX TOI<OB C8epxnpOBOJ1KmKX o6p83DOB BO BR8WH8M nonepe'IHOM 

MAI'HHTHOM none H8npRlK8RHOCTb~ )10 85 lti'C. 

ConeROHQ COCTOHT R3 JlBYX lt0Hn8RTpR"l&CitR pacnonOlKOBRb!X Cei<[(Rl!, HAMOTBH.RblX Ba 

oTnenhRbiX 1<apxacax ( pxc. 1), npa'leM ceJUlRR B nerJ<o 8blHRMaeTCsr K3 coneaoana. 

Cexnag De D 
1
+ D

2 
COCTOBT R3 JlBYX n0)1C81<nRl!, KOTOpb!e MOlKHO 38URTbl88Tb TOKOM pa3-

nel!huo. 

XapaKTepRCTRKD coneuoana npenCT8Bn8Rbl B Ta6nane. nng ero H3I'OT08neHHR nOTpe-

6o8anocb u 350 r C8epxnpo8onmnero cnna8a. 

B KB'IeCT8e M8Tepaana nnli o6MOTKR conenoRna acnOnb308aBa npo8onolta R3 

Nb - 75~ Zr , npOTRayTaR 8 Menuol! Tpy6xe TaJC, 'ITO 8 pe3ynhTaTe aa no8epxaocTR 

Dp080JIOKH nony'IRnCli enol! M8)1H, RllXOnsnnRACR B O'leHb XOpomeM aneKTpR'IeCKOM H Tenno-

BOM KORTBKTe c Nb - Zr xepHoM. B cexnaR D acnonb30BBHa nposonoxa N> 51 0 c .una-

ME!TpOM !tepna 0,29 MM, TOnlllRBOl! M e )lH 0,055 MM, nonseprayTaR OKOH'IBTenbHOMY OTlKHI'y 
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npH 500°C e Te'l:eHHe 45 MHHyT. Ceepxy npoeonoxa noKpbiTa naxoeoii 113011!lllHell. nponono-

xa N! 520 .1111>1 cexUHH B Ohina no.[lneprH)'TB npoMe~<yTo'I:HOMY OTJKury (aa 6 0,5 MM) 

npa 475°C I -qac, a aaTeM npoTSIH)'Ta .110 6 0,33 UM (no Kepi!)'). TonmHHa Me.<lHOro noKphl-

TIISI 0,07 MM. 3aeHCl!MOCTb j (H) 
c 

9TBX npOB01IOK rrpe.<lCT8B11eH8 HB pac. 2. 

06e CeKUIIII C011eHOII.<l8 I!Me1111 CBepXnpOBO.<lS!mHe nepeMbl'lKH fi (pac. I) .<l11SI pa6o-

Tbl B KOpOTK038MKH)'TOM pelKBMe npB OTKli!O'l!lHHOM BH!llliH!lM UHT8BHH. Bo Bp!lM>I BBOII8 

TOKB B C0119HOII.<l nep9Mbl'lXB neperpeB81111Cb C nOMOIIIb!O KOHCT8BT8110BOrO Harp9B8T911SI H 

HBMOTaaaoro eoxpyr Nb- Zr npoeonoxa a noKpbiToro ceepxy xneeM B<l>-2. Ca111.H nape-

Mhi'I:XH pa3M9111811BCb B nepeeepayTb!X CT8K8H'l.HKftX H3 TeljlnOJI8 B1lli T!lKCT011.HTa. Jlng nape-

rpeaa norpylKeBJibiX e renal! nepeMbi'l!lK Bbime 

ne Q 0,05 BT npB 4,2° H ~ 0,25 BT npB 1,8°K. 

T c Tpe6oaanacb MOIIIHOCTb e aarpeaaTe-

Jlng C03118HHB CBepXDpOBOIIS!m!lrO KOHT8XT8 npOBOOOK8 38'lHIII8118Cb, cxpy'lBB8ll8Cb 

B 38lKHM8ll8Cb M!llK.<lY nonyJKeHHhlMB M!lllllb!Mll 01101I:8MB p831110p0M 13 X 13 X 5 MM 
3

, DpH'l!lM 

y'laCTKB npoaonoxa, nameaable Mena, myaTapoaanBCb M!l.<lHOil npoaonoKoll, '!:TO aa6elKaTb 

neperopaaBSI npK nepexone coneHOB.<la B aopMallbaoe coCTO>!HBe. K 6noKaM nonnaaaanacb 

DOT!lBUB811bHble B TOKOBbl!l DO.<lBO.<lbl. 8 KB'l!lCTBe nocnenHHX BCn011b30B811BCb Kariena, CKpy

'l!lHHhl!l B3 DOKpbiTOil M!lllb!O CBepxnpOBOIIS!m!lil DpOB0110KB 1l. H9H30llBpOB8HHOil M!lliHOll rrp<>

BODOXH nOCTaTo'l:aoll TonmaBbi. TaxaR KOM6aaana!l noaaonReT aa6eJKaTb BhiXBnaaJI!I re11H!I 

Dpll nponyCK8HHH CB11bllb!X TOKOB, H B TO >K!l Bp!lMSI orpBHB'lBTb TenDODpHTOX no npOBOII8M 

B paayMHhiX npenenax. BnoKB B nepeMbi'lXB rlbina aaxpb!Thl M!lAHhiM sKpaBoM Tax, 'lTO 

COll!lHOHII MOr paooTarb B KOpOTK038MKH)'TOM pelKHI\19 ABlK!l TOrAa, J<Or)la ypoaeHb r enB!I 

orryCK8DC!I HHll<!l nepeMbl'l!lX HB 5-8 CM. JlnB DIIT8HHSI OTA!lllblfh!X C!lJ<IlBll coneHOBA8 DpHM!l

HS111HCb axxyMynRTopahle 6aTapeH H Tp8113HCTOpJible perynRTopbl Toxa. MOTopJiaB pery11Hpoa

xa D03BODS!Jl8 Dll8BHO BBO.<lHTb TOKH C 38)18HHOil CKOpOCTb!Oo DoJIHoe Bp9MR BBOA8 TOX8 B 

coneJIOHA npH nocnenoeaTe11hHOM nnTaHHH He npeebimano 3 MBH. HIIAYXTBBHOO llanpRlKeaae 

KOHTp011BpOB8110Cb MB11MB011bTMeTp8MH, DOAK11JO'l9HHb!MH napannflJlbHO C nepeMbl'll<8MH 

( pnc. 1). CnennallbJiaSI aeToMaTJIKa e rryllbTe ynpaane!lHR OTKJIJO'lana Tox npM nepexone 

COD9HOBA8 B HupM811bHO!l COCTOlUIHe. 1·1To6b! B309lK8Tb B 03BHK810111BX npt: nepexone Bb!C!>

KHX H8Dp !llK£JIHll HB BXO)le Tp8H3HCTOpHb!X perynRTOpOB TOK81 COllBBOIIA 01>111 aamyHTBpOBBH 

AHOII8MII II 8KTIIBHbiM conpOTHJI119HH9M Jll, K&X nOK&38llO HB pHC, 1. 3TO n03B011.1UtO 

-qacTb sJieprHB, BhiAenmomel!cs npB n epexone, npeepamaTb B TeJL'lO aae xpaocTaora. 

B neJITpallhJioe oTeepcTHe cone!tOHAB 6 18 MM 'lepe3 cnenHal!hm.rll 1110K B aeplllleM 

<!JnaJine KpHOCTaTa MOlKHO Obl110 BBOIIHTb no lK!lll&HHJO 111100 IDTOK C llOlllOC8MB - BCT8BK8MH 

H 6noxaMB 111111 xpenneJIHSI o6paanos; 11116o mTOK c H3Mep11BMbiMH c one!IOBABMH; n:a6o 

ycTpollcTea AnSI naMepeHHR non>~; nHt5o, JiaxoJien, cnenaal!hllh!l! Tpyt'S'laThlll cocyA !l!OI.lpa, 

C llOMOIIIbJO KOTOporo MBrHBTHO!l none MOlKHO Ohl110 IIMQTb npB KOMH&TfiOl! TBMil9p8TYPB 
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(HRlKHltlt 'laCTb cocy11a Llroapa RMena aeyTpeHHRI\ 6 11,5 MM). BBHilY oTcyTCTBHSJ sKpaHa 

C npOMelKyTO'IROI\ TeMnepBTYPOA agyTpeH~IOIO o6naCTb 'XBOCTS' STOI'O COCYil8 npHXOilH-

JIOCb cnerKS UOilOI'p8B8Tb 0 KOHTPOnRpyR TSMnepaTypy C UOMOWbiO TepMonapbto 

!lmt 86COniOTHOI'O R3MepeHHlJ Mai'HHTHOI'O nonlt HCn01Ib30BanHCb qmiOKCMeTpbt TRna 

M1{) R MRKpOBe6epM8Tpbt TRna <1>18. !lecSJTb R3MepRTe1IbHblX KaTyWeK 6brno OTKanR6poBaHO 

npH KOMBSTHOI\ TSMnepaTYPS B Mai'HRTHOM none ~ 18 KrC, KOTOpOe H3Meplt110Cb C UOMC>

Wb!O npn6opa HMH-2 no npOToaaoMy pe3oHaacy. KaK noKa3AJIR R3MepeHHH, nocTOSJHHbte 

KaTyWeK yaenH'IRBanHCb npH 4,:.!°K UO cpaBHSHRIO C KOMHaTHblMH TeMnepaTypaMH HS 5o

nee, 'ISM aa 1% . B xa'leCTae BTopH'IHbtX AaT'IHKOa cnyJKRnH MaraeToconpoTRaneHHSJ H3 

MSilH R AaT'IHI<R XoMa. OllHo R3 MaraeToconpoTRBneHRA 6brno aaMOTaao a neaTpa1IbHoA 

'ISCTR K8pKaCa CSKUHR B noll 06MOTKOA R CJIYlKRnO li1Ilt nOCTOHHHOI'O KOHTpOnlt 3a 

noneM coneHORAS ( M aa pac. 1). KpRTH'Iecxae TOI<H pa3HbtX KOM6RHauaA cexnal\ coneaoa

Aa 6 btnH H3Mepeabl npa 4,2°, a aeKOTOpbte - H npa 1;7°K. Pe3ynbTaTht (c y'leToM nonpaa-

KH Ha yaenH'IeBHe nOJllt npH CMerueHHH no paAHycy OT OCR coneHOHila K nepBOMY CnOIO 

06MOTI<R/
1
S/) npeACTaBneBbl Ra pRe. 2 BMeCTe C KpRBbtMH j (H) ll1Ilt KOpOTKHX o6pa3-

C 

UOB TeX lKS npoaonoK. TaM lKe npRBeAeHbl KOSijl¢RUHeHTbt AerpaAaUHR, KOTOpbie onpeAenltiOT-

Clt KaK OTHOWeHRe KpRTR'I·e CKOI'O TOI<a B KOpOTKOM o6pa3Ue rrpR COOTBeTCTByromeM none 

K KpHTH'IeCKOMY TOKY B coneHORAe. 8HAHO, 'ITO npR 4,2°K OHII Mano OTnR'IaiOTCR OT eAH

BHUht, 'lTv CBHileTeJibCTByeT 0 Bb!C OI<OI\ TOKOBOl! CTa6anbBOCTH MaTepnana (cp., HanpHMep, 

C ASHHbtM/
11

). 

06 STOM lKe I'OBOpiiT II TOT <jlaKT, 'ITO KpHTH'IeCKHl\ TO!< COneHOHAa Be yMeHbwHnCH 

npH UOHRlKeHHH TeMnepaTypbt BnnOTb AO J,6°K, XOTR, KaK npaaano, ic coneHOHAOB 83 

Nb- Zr cnnaaoa npH STOM cymecTaeaao yMeHbwaeTCSJ/
14

•
151

• KpHTH'IeCKHl\ TOK onHCbt-

aaeMoro ConeHOHila npOXOAHn 'lepe3 MaKCHMYM ( 46a) B pal!oae 4,05- 3,8°K, a 3aTeM He-

CKOnbKO UOHHlKBnCSJ ( AO 42-43a npH 2,5 °K) • 8 lKHAKOM renHH 1J Ha6niOAanCR pa36poc 

OT 42 AO 47a. '3¢<jleKTbl Tpeaapoaox•, T.e. yaenH'Ieaae j c 

TOKa B coneHOHA, OTCyTCTBOBana. 

npH nocne~:~yromax aao~:~ax 

!lnlt Bbt6opa OnTHManbHOI'O pelKHMa UHTaHHlt COneaOHAa 6bt1IH CHlJTbt 3aBHCHMOC T H 

!<pHTH'IeCKOI'O TOKa BO BHyTpeaael! CeKUHB OT TOKa B HapylKHOl\. !lnll nap 01 - 02 H 

B -( Dl+ D2) MSKCHMalthHoe none nonyqanOCb npH UO'ITH OAHHaKOBblX TOKSX B KSlKAOl\ 

cexnHH • 43a (pac. 3). TaKHM o6pa3oM, none, 6na3xoe K MSKCHMalthHOMY AnH acero cone-

HOHil8 B uenOM, C03!laBanOCb npH UOCn81lOBaTe1IbHOM nHTaHIIH CeKUHl\ D H B • EcnH 

aHyTpH paaMewanacb ewe cexuHlt A ( H3 Toll lKe npoaonoKH , 'ITO H B ) , TO MaKCHMSnb-

aoe none (npa T :J,7°K) 62 Jere nony'lanocb npH 40a B D+B H 58a B CeKUHH A. 

!lnR nOJlY'IeHHR 6onee BblCOKOI'O UOnlt, He06XOilHMOI'O llnR H3MepeHHR CBepxnpOBOilR-

WHX o6p83UOB, BMeCTO CeKUHH A B coneHOH!l nOMeDianaCb napa noniOCOB-BCTaBOI< H3 
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nepMeHJ1!0p8. ,UH8MeTp n011lOC8 17 MM; )1H8MeTp non!OCRblX H8KORe'lHRKOS 6 MM; /VlliR8 

38 MM; yron MelKAY ocbJO a cpeaoM 60°, aaaop M e lKilY nonJOC8MH 1,1 MM. M8KCHMOllhHbiA 

sKn811 nonJOCos s o5mee none M8rHHTa, onpe)1eneHI!bill c noMOIIlbJO Manors5apHTHoro J18T'IH-

K8 MBrHeTOC0llpOTHBll9HHH, a TaKlK9 nyTeM Cp8BHeHH!I j (H) H9CKOnhKHX o6p831lOB, OK83an-
C 

ca paBRbiM 27,5 Krc. CyMMBpHoe none Mar naTa B 3BBHCHMOCTH OT TOKa a ceKUR!IX D t- B 

npaa eneao aa pac. 4. 

Cne11yeT OTMeTHTh, 'ITO aeCMOTPH aa CTOnh 6ollhmoe yaenaq eaae non!! B 3a3ope MOlKAY. 

nonJOCaMH, KPBTH'IeCKHli TOK coneHOBAB AalKe aecKonhKO aoap8cTan. TaK, aanpHMep, KpHTH-

'le CKHli TOK 0)1H0ll C9KilRH 
B 5ea nonJOCOB fu,m 56a, a c nonJOCaMB ao3pacTan 110 65,5 a. 

3TO C S!I38RO C TeM, 'ITO, K8K TIOKa38nH np!!Mbl9 H3MepeHBII, o5paTHblli nOTOK HH/lyKilHH OT 

aaMarHH'leHHbiX non10coa yMeHhmaeT none coneHOB/18 a o6nacTB pacnono)J(eHHB aayTpeHHIIX 

BHTKOB o6MOTKH, 'ITO, B CBO!O O'Iepellb, npBB0)1HT K pOCTY jc Bcero coneHOHAB H, cne-

J10B8TellbHO, K pOCTY cyMM8pHOrO nonSJ B 3830pe MOlK/l~ IIOll!OCBMH. 

ITpn nepeX0)1e coneHOH/18 B HOpM8llbHOO COCTO!IRHO acnap!!eTC!I OKOllO 300 cM
3 

lKH/1KD

ro renHH. Coneaoa11 BbiAeplKan yJKe aecKollbxo AeCSITKOB nepoxonos 6e3 KaKoro 6hi TO na 

fSblnO YXYJ1111911HSI CSOilCTB. 

TaKHM o6pa30M, npoaepK8 caol\cTs TepMoo5pa6oTaanoro cnnaaa Nb - 75% Zr B K8-

l!eCTBe MaTepHan8 o6MOTKH coneHOH/18 nonTsepAana ero BbiCOJtYJO cTaOHllhHOCTh a a<jl<jleK

THBHOCTh. MolKHO AYM8Th, 'ITO nOAOOHbiil MaTepaan aaliAe T ce6e npHMeaeaae a npH H3ro

Toaneana 5onee Kpynawx coneaOHJ10B, oco6eaao ecna y'IeCTb ero cpaBHBTellhHO aeBhiCOKYJO 

CTOHMOCTh , BbiCOK09 Bepxuee !CpliTlf'18CKOe none H nnaCTH'tiROCTb, II03BOn~UOIUYI0 nony1:faTb 

M911ROO llOKpb!THe CllOC050M nnaKHpOBBHH>!. ITOCll0/11190 o5CTO!IT9llbCTBO uCOOOHHO B8)J(H''l 

npH M8CCOBOM np0113B0)1C'rBO K8f5elleli, COCTOSIIIlHX H3 60JlbiiiOrO KOJ1H'IOCTB8 OM91lHOHRbiX 

CBepxnpOBOA5flllHX npOBOJlOK, OTJ1H'I8JOIUHXCH llOBbliDOHHOil aljl<jleKTHBHOCTbJO, 

B 3BKJlJO<reaHe 8BTOP BbipaJKaeT npaaaaTenhHOCTh B.H. <I>HnhKBftY, 10.<1>. Ehi'!Koay H 

E.H.CaMollnoay 38 noMOIIlh npH H3roToaneHHH H H30llRilHH npoaonox!l, A.r.3enhJ10BB'lY 

38 nocTo!lnHoe BHHMaaae K pa60Ta, B .M. ,Upo5aay, A.n. KopocTeneay, A.M. Kacnnay, 

n.B. ITeTpOBOH, 11.C. Xyxapeaoi\ II B.¢> . 'iyM8KOBY 38 noMOlUb B pa50Te, a T8KlKe KonneKTHBY 

3KCnnyaTBiliiR OlKIIlKHTeJlbHbiX yCTBIIOBOK Kpi!Or'eHHOrO OTA8ll8 fla6op8T0p11H Bb!COKI!X 3Hep

rl!li 38 6ecHepe6ol!Hoe cna6JKeHHe >KII/lKHM renaeM. 
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1, J.K. Hulm, B.S. Chandrasekhar, H.Rlemersma. Adv. Cryogen. Engng. ~ 17 (1963). 
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TaEl11ul..la 
xapaKmepucmuKu coneHouaa 

u3 Nb -75Zr 
bH.TP HOP a/IIJHO 

KOl lj) ,.:,& MO ... H/r KPUT 
L!u cno TQI( H 

Cl'kliUR <I> <I> lQno~ 
cfltl r M. 

6urKo N6 ·lr IO~~iJ r<rCJa (t.,YKI ...... ""' MM .. ewuSI .... • KrC 

,q 9 i8 48 728 0,29 0.33 8,5 0,49 >90 >t7 

B lzo 38 64 2145 0,28 Q,33 6,5 0.4f 60 24,5 

D. 42 64 74 3480 0,33 D,29 6,6 0.54 58 30,8 

Dz 6t 75 74 239J ll,33 0,29 6,6 0,30 54 ~6.2
1 

I 

coeauHeHue ..... T KpYT H cet<L.4UA numaHl48 •t< TOK 
ICf'C Q 

D,+D~ nocneao&amenbHO 4.2 4,36 36,6 

B+D nocneao&ame nt>HO 4.2 42.5 53 
lt,os 46 51,5 

(8 +DJ 
numaHue pa.saent>HO 4,2 14o 

58 ... ,q 42 
(B•D) 

paJaent~uo 1, 7 ~ 62 +.Q numaHue 
58 

~8Knaa nomoco&(,.,u Icon >2a) 27.51 
I 8+D + nomoca 4,0' ts.t' 

8 

300"K 

4,2"K 

P nc. I. 5noK-cxeMa y npaene&HSI c oneHOHAOM, 
PT - peryn SITop ToKe; K - KOHTaK

Top ; nY - nynbT ynpaene&HSI; llJ - aapy>Kabl i! 
uryHT; fl - CBepxnpOBOAIUII8SI nepeMbl'lKa; 
H - aarpeeaTeHb ; 5 - 3alKHMHble 6noxn; 
M - A8T'JHKH MarneToconpOTaeneaall; C -cep
Aa'JHHKB -nonroca. 
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p HC, 2, 3aBHCHMOCTb KpHTH'I9CKOII nnOTHOCTH. TOKB OT 
nona a coneaoanax H a xopOTKHX o6pa3uax 

0 
H3 Toll lKe npoaonoKH, 

T = 4,2 K. Tipoaonoxa N9 510: 1 a - x op , o6pa3eU ; 
16 - coneaoan Dl ; 1 a- xoa¢¢auaeHT nerpanauaa 01; 
Tip oaonoJta N9 520 : 2a - xop, o6pa3eu; 26 - coneHOHA B; 
2a - xoa<J>, nerpanauaa B ; 2r - coneaoan A; 2n - x oa<J>. 

nerpagauaa A. 
J'E1.7 K. Tipoaonoxa J\r;, 520: 2e - Kop. o6pa3eu ; 2lK- co

neaoan A. 
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Pac, 3, 3aaHCHMOCTb !tpHTH'I&eJtoro Toxa a o BHyTpeaaell 
C&XUHH coneHOKA8 OT TO!t8 B aapylKHOI! 
a) lc(Dl)= f(I (D2)] 
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f(D},a 

Puc. 3 , 3aaucaMOCTb KpaTuqec&oro TOKe e o aayTpeaa e a 
CBKQUU coneBOHQ8 OT TOK8 B uapy~aoA 

6 ) I c(B ) = f [I ( D ) ] 

12 

I 

"' 
60 

, 
~ :.: 

10 20 JD 1,0 ~0 6 0 
f( B•D),a 

P uc. 4. 3aaaCHMOCTU nona a coneuoa ue {2 ) 
R B 3830pe Me~y DOn~aMU-BCT8BK8MR 

{ I ) OT TOK8 B CGKQRSIX D + B , BKnJO
qeltlll>IX n ocn e n oaaTenbao. 
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